Land use Effects on Ground Water Quality in Carbonate Rock Terrain by Steele, Kenneth F. & Adamski, James C.
University of Arkansas, Fayetteville
ScholarWorks@UARK
Technical Reports Arkansas Water Resources Center
6-1-1987
Land use Effects on Ground Water Quality in
Carbonate Rock Terrain
Kenneth F. Steele
University of Arkansas, Fayetteville
James C. Adamski
University of Arkansas, Fayetteville
Follow this and additional works at: http://scholarworks.uark.edu/awrctr
Part of the Fresh Water Studies Commons, and the Water Resource Management Commons
This Technical Report is brought to you for free and open access by the Arkansas Water Resources Center at ScholarWorks@UARK. It has been
accepted for inclusion in Technical Reports by an authorized administrator of ScholarWorks@UARK. For more information, please contact
scholar@uark.edu, ccmiddle@uark.edu.
Recommended Citation
Steele, Kenneth F. and Adamski, James C.. 1987. Land use Effects on Ground Water Quality in Carbonate Rock Terrain. Arkansas
Water Resources Center, Fayetteville, AR. PUB 129. 76
LAND USE EFFECTS ON GROUND WATER QUALITY IN
CARBONATE ROCK TERRAIN
Kenneth F. Steele and James C. Adamski 
Department of Geology
University of Arkansas 
Fayetteville, AR 72701
Publication No. 129 
June,1987
Technical Completion Report Research Project G-1212-06
Arkansas Water Resources Research Center 
University of Arkansas 
Fayetteville, Arkansas 72701
Arkansas Water Resources Research Center
Prepared for
United States Department of the Interior
AWRHC
LAND USE EFFECTS ON GROUND WATER QUALITY IN 
CARBONATE ROCK TERRAIN
Kenneth F. Steele and James C. Adamski 
Department o f  Geology 
U n iv e rs i ty  o f  Arkansas 
F a y e t te v i l le ,  AR 72701
Research P ro jec t Technical Completion Report 
P ro jec t G-1212-06
The research on which th is  repo r t  is  based was financed in  part by 
the United States Department o f  the I n te r io r  as authorized by the 
Water Research and Development Act o f  1978 (P.L. 95-467).
Arkansas Water Resources Research Center 
U n iv e rs i ty  o f Arkansas 
112 Ozark Hall 
F a y e t te v i l le ,  AR 72701
P ub lica t ion  No. 129 
June 1987
Contents o f  t h is  p u b l ic a t io n  do not necessar i ly  r e f l e c t  the views and 
p o l ic ie s  o f  the U.S. Department o f  the I n t e r i o r ,  nor does mention o f 
trade names or commercial products c o n s t i tu te  t h e i r  endorsement o r  re ­
commendation fo r  use by the U.S. Government.
The U n iv e rs i ty  o f  Arkansas, in  compliance w ith  federa l and s ta te  laws 
and regu la t ions  governing a f f i rm a t iv e  ac t ion  and non d isc r im ina tion , 
does not d isc r im ina te  in the rec ru itm en t,  admission and employment o f  
s tudents , fa c u l t y  and s t a f f  in  the operation o f  any o f  i t s  educational 
programs and a c t i v i t i e s  as defined by law. A ccord ing ly , nothing in 
th is  p u b l ic a t io n  should be viewed as d i r e c t ly  or in d i r e c t l y  expressing 
any l im i t a t i o n ,  s p e c i f ic a t io n  o r  d is c r im in a t io n  as to race, r e l ig io n ,  
c o lo r  o r nationa l o r ig in ;  o r  to  handicap, age, sex, o r  s tatus as a d is ­
abled Vietnam-era ve teran, except as provided by law. In q u ir ie s  con­
cerning th is  p o l ic y  may be d irec ted  to  the A f f i rm a t iv e  Action O f f ic e r .
ABSTRACT
LAND USE EFFECTS ON GROUND WATER QUALITY IN 
CARBONATE ROCK TERRAIN
A con tro l s i t e  w ith  a natura l s e t t in g  and an experimental s i te  w ith  
s ig n i f ic a n t  a g r ic u l tu re  land use were studied in  the Ozark Region o f 
Arkansas in  order to  determine the e f fe c t  o f  land use on water q u a l i ty  
in  a carbonate rock t e r r a in .  The vast m a jo r i ty  o f  the two s i te s  have 
the Boone Limestone exposed which combined w ith  the underly ing St. Joe 
is  the major a q u ife r  f o r  d r in k in g  water in  the area. The s i te s  also 
are s im i la r  in  terms o f  lineament patterns (number, length and o r ie n ­
t a t i o n ) ,  s o i l ,  slope and vege ta t ion . Ground water samples were c o l ­
lec ted  p r im a r i ly  from springs during three seasons ( la te  summer-early 
f a l l ,  w in te r  and s p r in g ) .  A l l  three seasonal c o l le c t io n s  exh ib ited  
s t a t i s t i c a l l y  h igher NO3 (2.31 versus 0.81 mg/L) and Cl (9 .9  versus 
2.7 mg/L) concentrations in  the experimental s i t e .  During the w in te r  
and spring c o l le c t io n s ,  the experimental s i t e  also exh ib ited  s t a t i s t i ­
c a l ly  h igher concentra tions (0 .5  to  3x) o f  PO4 , SO4 , Na, K and Ca. 
Heavy metals were analyzed in  the w in te r  samples; however, the d i f f e r ­
ences between the two s i te s  were small because the absolute values fo r  
the two s i te s  were low. For example, the la rg e s t  d if fe re n ce  fo r  a 
heavy metal was 19 μg/L f o r  Mn (12 versus 31 μg /L ) .  Bacter ia  de te r­
mined from the spring season samples showed th a t  the experimental s i te  
had s ig n i f i c a n t l y  h igher counts o f  feca l c o l i fo rm  (86  versus 0.4 col - 
onies/100 mL) and feca l Streptococcus (39 versus 3 colonies/100 mL) 
types than the con tro l s i t e .  Three springs were also sampled period­
i c a l l y  fo l lo w in g  a ra in  event  o f  10 cm. Whereas, le ve ls  o f  s p e c i f ic  
conductance, NO3 , Ca and Na decreased in  a l l  three sp r ings , PO4 , K,
SO4 and feca l c o l i fo rm  increased s ig n i f i c a n t l y ,  p r im a r i ly  in  the two 
experimental sp r ings . The increase o f  these parameters ind ica tes  th a t  
they are more a va i la b le  in  the experimental area. Based on these re ­
s u l ts  and elemental c o r re la t io n s ,  i t  appears th a t  c a t t le  manure, the 
spreading o f  chicken manure and commercial f e r t i l i z e r s ,  and sep t ic  
tank e f f lu e n t ,  in d iv id u a l ly  o r in  combination, are a f fe c t in g  the water 
q u a l i t y  o f  the experimental s i t e .  However, most o f  the ground water 
samples meet EPA d r in k in g  water standards w ith  the possib le  exception 
o f  b a c te r ia .
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Completion Report to  the U.S. Department o f  the I n te r io r ,  Reston, VA 
June 1987
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INTRODUCTION
A g r ic u l tu ra l  p rac t ices  such as ra is in g  l iv e s to c k  and f e r t i l i z i n g  
grassland may contaminate groundwater, esp e c ia l ly  w ith  n i t r a te  from 
manures, as well as commercial f e r t i l i z e r s .  Ch loride, orthophosphate, 
s u l fa te ,  sodium, potassium and ammonia may also in d ica te  a g r ic u l tu ra l  
p o l lu t io n .  Several s tud ies worldwide have l in ked  a g r ic u l tu ra l  use of 
the land to the p o l lu t io n  o f  aqu ife rs  (Beck e t a l . ,  1985; Pionke and 
Urban, 1985; Groba and Hahn, 1972; Walker, 1972; Tenorio e t a l . ,
1970).
In 1985, Arkansas was ranked number one nationwide in  b r o i le r  
chicken production w ith  759,963,000 b ro i le r s  produced. In Northwest 
Arkansas, the t r i - c o u n ty  region o f  Benton, Madison and Washington 
Counties produced 28 percent o f the to ta l  b r o i le r  production 
(212,790,000) fo r  the s ta te  (Arkansas P ou ltry  Report, 1986), making 
t h is  region an e xce l le n t  lo c a t io n  to in ve s t ig a te  the e f fe c t  o f a g r i ­
c u l tu re  land use on groundwater q u a l i ty  in  a carbonate rock te r ra in .
A. Purpose and Objectives
The purpose and o b je c t ive  o f  t h is  p ro je c t  is  to  in ve s t ig a te  the 
e f fe c t  o f  land use on the q u a l i ty  o f  groundwater in  an area o f  carbo­
nate rock. The s e lec t ion  o f  a su i ta b le  study s i te  was very c r i t i c a l  
f o r  t h is  p ro je c t .  The area must cons is t o f  two subareas, one a 
fo res ted  contro l reg ion , the other an a g r ic u l t u r a l l y  in tens ive  exper­
imental reg ion. The two s i te s  were to be very s im i la r  in  terms of 
topography, s o i l  type, geology, s lope, hydrology, c lim ate and meteor­
ology in order to minimize n a tu ra l ly  occurr ing d if fe rences  in  the
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groundwater chemistry. Only the land use was to d i f f e r ,  hence, d i f ­
ferences in q u a l i ty  o f the groundwater could be more e a s i ly  a t t r ib u te d  
to land use ra the r  than other parameters. The two s i te s  were chosen 
to be p ro x i l  to  one another both fo r  convenience sake, as well as, 
in su r ing  s im i l a r i t y  o f  the above fea tu res , e sp e c ia l ly  c l im a te  and 
meteorology.
B. Related Research and A c t i v i t i e s
Two o f  the more d e ta i le d  s tud ies  which are s im i la r  to t h is  present 
study were by Beck e t a l . (1985) in southwest Georgia and by Pionke 
and Urban in  Pennsylvania. Beck e t a l . demonstrated a p o s i t iv e  co rre ­
la t io n  between land use and n i t r a t e  concentrations in  groundwater o f 
the Claiborne A qu ife r .  Outcrops o f  the C laiborne sandstone are a 
source o f  recharge fo r  the a q u ife r  and co inc ide w ith  the lo c a t io n  of 
heav ily  farmed land. Southeast o f  the outcrop area, the land is  not 
heav ily  farmed. 8y sampling 34 w e lls  d r i l l e d  in to  the Claiborne 
A q u ife r ,  both in  the heav ily  farmed reg ion, as we ll as southeast o f 
i t ,  Beck e t a l . determined th a t  the h ighest concentra t ions o f n i t r a te  
ions were obtained in  the outcrop area where a g r ic u l tu re  was most 
in tense. Thus, they concluded th a t  the re la t io n s h ip  between land use 
and contamination o f  the a q u ife r  ind ica ted  th a t  a g r ic u l tu re  was the 
source o f  the n i t r a t e .  A s im i la r  study was performed by Pionke and 
Urban (1985). They noted a dramatic d i f fe re n c e  between the average 
concentrations o f n i t r a te  in  the groundwater underly ing a fo res ted  
region (0.71 mg/L as N) and crop and pasture land (3.00 mg/L as N). 
They also concluded th a t  n i t r a te  contamination was re la te d  to the
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a g r ic u l tu ra l  use o f the land.
Several stud ies (U. S. Department o f A g r ic u l tu re ,  1986; Steele et 
a l . ,  1985; Steele, 1985; Ogden, 1979; and Wagner e t a l . ,  1976) have 
presented data th a t  suggest th a t  a g r ic u l tu ra l  a c t i v i t i e s  may be a 
source o f  contamination o f the 8oone-St. Joe A qu ife r  o f  Northwest 
Arkansas. The Boone-St. Joe Aqu ife r  coincides w ith  the Boone and St. 
Joe Formations which are both limestone u n i ts .  Carbonate rock a q u i f ­
ers (limestone and dolostone) are considered suscep tib le  to contamina­
t io n  because o f  numerous f ra c tu re s ,  so lu t io n  channels and over ly ing  
th in  s o i ls .  However, none o f  the previous stud ies l i s te d  above were 
fo r  carbonate rock a q u ife rs ,  and none o f t he a r t i c le s  on the Boone-St. 
Joe Aqu ife r  were based on stud ies to e f f e c t i v e ly  te s t  t h is  hypothesis.
METHODS AND PROCEDURES
Study Sites
The lo ca t io n  o f  t h is  study was immediatel  south o f  the Beaver 
Lake Reservoir in  Northwest Arkansas in the S p r in g f ie ld  Plateau of the 
Ozark Highlands physiographic province (F igure 1). The study area 
includes po r t ions  o f the Rogers, War Eagle, Sonora and Spring Valley 
7.5 minute U. S. Geological Survey topographic maps. This area is  
p r im a r i ly  capped by limestone and chert o f  m a r ine -o r ig in  from the Mis- 
s iss ip p ia n  Period, although both younger and o lder sedimentary rocks 
are exposed in  the area. The study area was d iv ided  in to  two subareas 
based upon land use; f i r s t ,  a fo res ted  contro l s i te  north o f  War Eagle 
Creek and south o f  Beaver Lake was se lected; and then a second, 
in tense ly-farm ed experimental s i t e  south o f War Eagle Creek, centered
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Figure 1. War Eagle Creek approximates the boundary
between the co n tro l and experimental subareas.
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around the towns o f  Spring Va lley  and Sonora, Arkansas, was chosen. 
Throughout the e n t i re  area, d e n d r i t ic  drainage d issects  the plateau, 
forming numerous f la t - to p p e d ,  convex-sided h i l l s  w ith  narrow hollows 
between. Drainage fo r  the study area is  by the White River and War 
Eagle Creek (S ta ley , 1962) and numerous springs in  many o f  the h o l­
lows.
Geology
S truc tu re
The rocks in the study area have a regional dip between 19 and 36 
minutes (Chinn and Konig, 1973). Local s t ru c tu ra l  fea tu res  include 
normal f a u l t in g  and gen tle  fo ld in g .  The generalized geologic map 
shows three major normal f a u l t s  and numerous minor f a u l t s .  The no rth ­
west trend ing  f a u l t ,  the F a y e t te v i l le  Fau lt  and associated Price Moun­
ta in  Syncline extend approximately 55 m iles w ith  dips up to  60 degrees 
(Lake L u c i l le  in  the F a y e t te v i l le  Quadrangle), but genera lly  range 
between 1 to 4 degrees in  the study area (S ta ley , 1962). The Cove 
Creek A n t ic l in e  is  s l i g h t l y  more than one k ilom ete r west and is  p a ra l­
le l  to the Price Mountain Syncline. This asymmetrical fo ld  has i t s  
steepest side to  the southeast (S ta ley , 1962). Two more fo ld s  mapped 
by S ta ley , but not mapped by G lick  (1970), inc lude a sync l ine  and an 
a n t ic l in e  northwest and southeast, re s p e c t iv e ly ,  o f  the Pri ce Mountain 
Syncline. L a s t ly ,  an east-west t rend ing  graben formed by two normal 
f a u l t s  preserves a s ig n i f i c a n t  amount o f  Pennsylvanian Age sedimentary 
rocks in  the southern h a l f  o f  the Sonora and Spring Va lley  Qua­
drangles.
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Less important s t r u c tu r a l l y ,  but perhaps more important h yd ro log i­
c a l ly ,  are the numerous jo in t s  and f ra c tu re s  th a t  occur in  a l l  the 
rocks of the study area, but most no t iceab ly  in the M iss iss ipp ian  Age 
limestones and cherts .  Although these jo in t s  and f ra c tu re s  occur 
throughout the area, they increase in  dens ity  near the f a u l t s  and 
fo ld s .  The jo in t s  and f ra c tu re s  are more numerous a t d is tances less 
than 600 meters from said s t ru c tu re s .  Dominant j o i n t  s t r ik e s  are N70E 
and N20W w ith  a v e r t ic a l  d ip  (S ta le y ,  1962).
As stated p rev io us ly ,  groundwater may move d is c re e t ly  through 
f ra c tu re s  which behave as conduits through carbonate te r r a in s .  There­
fo re ,  mapping photo-lineaments was useful in  t h is  study to  locate  
spr ings, areas o f  probable high groundwater f low  and areas w ith  poss i­
b ly  increased contaminant t ra n s p o r t .  Photo-lineaments are probably 
caused by s tress  and may be f ra c tu re s  or swarms o f  f ra c tu re s .  Accord­
ing to  lattman (1958), a photo-lineament is  "a na tu ra l fea tu re  con­
s is t in g  o f  topographic ( in c lu d in g  s t ra ig h t  stream segments), vegeta­
t io n ,  or s o i l  alignments v is ib le  p r im a r i ly  on a e r ia l  photographs or 
mosaics, and expressed continuously  f o r  a t  le a s t  one m ile ,  but which 
may be expressed continuously  or d iscon t inuous ly  f o r  many m i le s ."  Low 
a l t i t u d e ,  black and w h ite ,  v e r t ic a l  a e r ia l photographs (U. S. A g r ic u l ­
tu re  S ta b i l iz a t io n  and Conservation Service, 1982) and the Rogers, War 
Eagle, Sonora and Spring V a lle y ,  Arkansas 7.5 minute U. S. Geological 
Survey topographic maps were u t i l i z e d  in  mapping photo-lineaments. 
S tra ig h t  stream segments and tonal anomalies one m ile  or longer 
were observed on the photographs and/or the maps and then subsequently
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traced on the maps. These data were used to produce a photo-lineament 
map th a t  was d ig i t iz e d  on a computer to generate the map in Figure 2. 
The accompanying rose diagram ind ica tes  th a t  most photo-lineaments are 
o r ien ted  w ith  a northeast s t r i k e  which is  s im i la r  to  the re s u lts  
obtained by Barlow and Ogden (1979) f o r  Benton County, Arkansas, u t i ­
l i z in g  U-2 and low a l t i t u d e  black and white  a e r ia l photographs. Also 
the photo-lineaments fo r  the study area have a s im i la r  o r ie n ta t io n  to 
the dominant j o i n t  s t r ik e s  reported by Staley (1962).
S tra t ig raphy
Six to  nine thousand meters o f Paleozoic sect ion  re s t  upon the 
basement in  t h is  pa r t  o f the S p r in g f ie ld  Plateau. The o ldes t forma­
t io n s  inc lude the Co tte r and Powell Dolomite Formations o f Ordovician 
Age. Staley (1962) recognized these rocks in  the White River Va lley 
and reported them t o  be about 31 meters th ic k .  U n fo rtuna te ly ,  since 
w r i t in g  o f the repo r t  by S ta ley, these u n i ts  have been inundated by 
Beaver Lake Reservoir w ith  the damming o f the White R iver. C u rren t ly ,  
the o ldes t rocks exposed are the sandstones and dolomites o f  the Ever- 
ton Formation, also o f  Ordovician Age. The Everton Formation hosts an 
important aqu ife r  confined most everywhere by the ove r ly ing  Chatta­
nooga Shale Formation o f  Devonian Age.
The St. Joe and Boone Limestone Formations o f M iss iss ipp ian  Age 
l i e  unconformab ly  on the Chattanooga Shale Formation and are exposed 
over most o f  the area. However, in  the southern po r t ion  o f the study 
area, younger M iss iss ipp ian  and Pennsylvanian Age sediments are in 
contact w ith  the Boone Formation as erosional remnants o f the once
7
8Figure 2. Photo-lineament map and loca tion  o f springs.
Rose diagram shows the o rie n ta tions  o f photo­
lineaments.
more extensive Boston Mountains. Included in th is  group are Bates- 
v i l l e Sandstone, Fayettev ille  Shale (Mississippian Age), Hale, Bloyd 
and Atoka Formations (Pennsylvanian Age). A ll of the springs sampled 
issue from the Boone-St. Joe Aquifer; therefore, these two geological 
formations and the overlying and underlying formations w il l  be d is­
cussed in more de ta il below.
The Chattanooga Shale Formation of Late Devonian Age underlies the 
St. Joe Formation and is  approximately 15 meters th ick  in the study 
area. This formation consists of two members, the basal Sylamore 
Sandstone and the Upper Shale Member. The Sylamore Sandstone is  a 
fin e - to coarse-grained, brown to white, rounded quartzarenite tha t in 
places is  a chert pebble conglomerate (Wise and Caplan, 1979). The 
shale member is  brown to black because of the py rite  and organic 
matter content and weathers to an orange or brown. Small concretions 
of s id e rite  or py rite  may be present in the Upper Shale Member (Dun­
can, 1983). The Chattanooga Shale Formation is  bounded below and 
above by unconformities (H a ll, 1978; St- ay, 1962). The Mississippian 
Age St. Joe Formation has a maximum thickness of 37 meters at W ill-  
cockson, Arkansas, but generally is  not more than 11 meters th ick 
(Croneis, 1930). The St. Joe Formation is  divided in to  four formal 
members in Arkansas which have formational status in Southern Mis­
souri. Two carbonate members, the Compton and Pierson, are separated 
by the terrigenous deposits (Shelby, 1986) of the Bachelor Member 
(shale, phosphatic sandstone and limestone) (Post, 1982) and Northview 
Member (shale and limestone) (McFarland, 1975). The upper boundary of
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the St. Joe Formation with the Boone Formation is  conformable. Three 
c r ite r ia  mark th is  boundary: 1) the presence of persistent chert in 
the lower Boone Formation (McFarland, 1975), 2) a th in  calcareous 
shale parting, and 3) a change in facies from grain-dominated to mud- 
dominated carbonates (Shanks, 1976; Manger and Shanks, 1977).
The Boone Formation is  conformable with the underlying St. Joe 
Formation and generally is  92 to 123 meters th ick , though i t  th ins 
s lig h t ly  southward (Croneis, 1930). In northern Arkansas, the Boone 
Formation can only in form ally be separated in to  upper and lower u n its  
with one member, the Short Creek O olite , present in some locations 
w ith in  the upper Boone Formation (Shelby, 1986). The lower Boone For­
mation has two l i t h  ’ ogies, limestone and chert. Giles (1935) noted 
an average chert content o f 65 percent. The penecontemporaneous chert 
is  dark blue, black, red, gray, or green and occurs as. nodules, bands, 
or anastomosing layers (Shelby, 1986).
Soils
The so ils  in the study area are p rim arily  of the C la rksv ille -N ixa - 
Baxter association (Washington County), the C larksville-Nixa-Noark 
association (Benton County) and s im ila r so ils  in Madison County.
These so ils  are described as excessively to moderately well drained, 
gently sloping to steep, deep to moderately shallow, cherty so ils  on 
h i l ls  and ridges (Harper et a l . ,  1969; P h illip s  e t a l . ,  1977).
Although described as deep to moderately shallow, based on f ie ld  work, 
most of the study area has moderately shallow s o ils .
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Land Use
The 315 km2 experimental subarea has 329 chicken houses and much 
more pastureland re la tiv e  to the mainly forested control subarea. A 
single chicken house produces 15,000-20,000 birds and 80,000 kg of 
l i t t e r  (feces, feed and feathers) per year. This l i t t e r  is  spread on 
adjacent pastures fo r f e r t i l iz e r ,  and together w ith the manure of the 
resident c a tt le , horses and hogs, could contaminate the groundwater. 
Nutrients (e .g ., n itra te )  and bacteria may migrate downward as surface 
waters recharge the unconfined aquifers. Thus, the concentrations of 
n itra te , orthophosphate, ch lo ride , sodium, potassium and fecal c o l i- 
form and fecal Streptococcus could increase.
In contrast, the control region to the north is  nearly completely 
covered by hardwood and southern pine fo res t and has minimal a g ric u l­
tu ra l a c t iv ity .  O rig in a lly  logged fo r i t s  tim ber, the land has been 
p rim a rily  state owned and operated as the Hobbs State W ild life  Manage­
ment Area since 1979. Timber has not been extensively cut since 1972 
(McCloud, 1987 personal communication). With the exception of the few 
small pastures, the land is  not fe r t i l iz e d  except by natural means. 
Therefore, n u trie n t and bacteria leve ls should be comparatively lower 
than those o f the experimental s ite  and are considered background con­
centra tions.
Hydrogeology
Confined-flow and fre e -flo w  are the terms fo r water m igration 
through conduits (frac tu res , jo in ts  and/or so lu tion  openings), the 
former model re s tr ic ts  the water to the conduits; whereas, the la t te r
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allows d iffuse movement between them. Because these re la tiv e ly  large 
spaces act as plumbing fo r the movement of the groundwater, free-flow  
and confined-flow tend to be turbulent and may carry dissolved, sus­
pended and even bedload sediment ju s t as surface waters do. This tu r ­
bulent migration allows less water to come in contact with i ts  host 
rock re la tive  to d iffused-flow , so charged ions and co llo ida l par­
t ic le s  are less l ik e ly  to be physica lly trapped by or absorbed into 
grains in the rock, thereby f i l te r in g  the water. Aquifers in fra c ­
tured carbonate te rra ins are often free-flow  or confined-flow types; 
therefore, they are susceptible to po llu tion  by areal contaminants.
Arguments arise as to whether the water moves through the rock as 
a single e n tity  with a ubiquitous potentiometric surface, or whether 
i t  flows only w ith in  the confines of the conduits with no d iffuse 
migration in between. Ogden (1979) concluded that the water in the 
Boone-St. Joe Limestone Aquifer in Benton County (immediately west of 
th is  study area) moved in both ways. He noted tha t although wells 
d r il le d  on photo-lineaments (possible fracture zones creating con­
du its) produced higher y ie lds of water and yet nearby wells d r il le d  
o f f  photo-lineaments had s im ila r water levels as the ones on photo­
lineaments, implying some migration occurred between wells producing a 
water table e ffe c t.
Porosity and permeability of the grainstone of the Boone Formation 
is  dominantly caused by secondary or diagenetic orig ins (as fractures 
or solution openings) rather than from primary intergranular spaces. 
Van den Heuvel (1979) measured exceedingly low values of porosity
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(<1.0%) and permeability (<0.001 m illida rc ies ) on specimens of the 
Boone Formation.
In th is  study, a ll of the springs and some of the wells sampled 
obtain water from the Boone-St. Joe Aquifer. This carbonate aquifer 
is  formed in two limestone formations, the St. Joe and the Boone, both 
of Lower Mississippian Age. Mostly the aquifer is  unconfined (not 
under pressure from overlying less permeable u n its ). Though in the 
southern section of the study area, i t  has a Pennsylvanian Age cover­
ing, elsewhere only a th in , red re go lith , formed from the limestones 
themselves, blankets the formations. As stated above, the recharge 
and movement o f the groundwater is  p rim arily  by conduit flow which 
makes th is  aquifer p a rtic u la r ly  susceptible to contamination. F if ty -  
s ix percent of the springs samples are w ith in 300 meters of a major 
photo-lineament (> or = 1.6 kilometers in length), and most of the 
sampled springs are thought to l ie  on or near shorter fractures. These 
springs discharge where topography intersects the potentiometric sur­
face.
A few of the sampled wells may obtain water from the underlying 
confined aquifer hosted by the Ordovician Age Everton Formation ana 
the overlying Sylamore Sandstone of the hydro logica lly separated from 
the Boone-St. Joe Aquifer by the Upper Shale of the Chattanooga Forma­
tion  (Ogden, 1979). Several o f the wells sampled were reported to be 
150 meters deep or greater and low Ca/Mg ra tios o f some of the well 
water samples is  consistent with the water being obtained from the 
dolom itic Everton Formation. The Cotter nd Powell Formations below
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the Everton Formation are considered to be too deep to be hydrologi- 
c a ily  s ig n if ic a n t to th is  study.
Methodology
Groundwater samples were co llected from springs and a few wells in 
both study s ite s . Springs were u t i l iz e d  in order to minimize problems 
associated w ith plumbing. Seasonal samples were co llected three times 
during th is  study ( la te  summer-early f a l l ,  and selected springs were 
resampled during the w inter and sp ring ). Three springs were sampled 
fo llow ing  a ra in  event to determine changes in the water q u a lity  
caused by the recharge waters. Temperature, conductance, to ta l a lk a l­
in i t y  and pH were determined in the f ie ld .  F ilte re d  (0.40 urn pore­
sized membranes) samples were analyzed in the labora tory fo r n itra te , 
orthophosphate, ch lo ride , su lfa te , ammonia, sodium, potassium, magne­
sium and calcium. Samples co llected during the w in te r were also ana­
lyzed fo r heavy metals (manganese, iron , z inc, copper, cadmium, 
n icke l, cobalt and lead). Samples co llected during the spring were 
analyzed fo r fecal co lifo rm  and fecal Streptococcus bacteria . 
Geochemistry
Samples were co llected a t each s ite  in two 500 ml n i t r ic  acid 
washed polypropolene b o ttle s . The bo ttles  had been flushed w ith d is - 
t ille d -d e io n iz e d  water fo r  several days u n til the conductance of the 
rinse water was less than 2 uS/cm. Both samples were f i l te r e d  through 
a 0.40 um pore-size membrane using a Freon (T) pressurized u n it. One 
b o ttle  was a c id if ie d  w ith 1.5 ml o f 1:1 m itr ic  acid to y ie ld  a pH of 
2.0 or less. The acid s ta b ilize d  the cations present and prevented
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organic growth fo r la te r analysis. The other bo ttle  was immediately 
ch ille d  and la te r re frige ra ted  to prevent organic growth and was 
subsequently analyzed fo r n itra te , orthophosphate, ammonia, su lfa te  
and ch loride.
Temperature was determined using a mercury thermometer, conduc­
tance was measured w ith a Yellow Springs Instrument Company model YSI 
33 conductiv ity  meter and the readings were converted to spec ific  con­
ductance by standardization to 25 °C. pH was determined with Markson 
models 88 and 80 pH meters and probes. Total a lk a lin ity  was deter­
mined by t i t r a t in g  10 ml samples with 0.02 N s u lfu r ic  acid using bro- 
mocreosol green/methyl red as an ind ica to r.
In the laboratory, the re frige ra ted  samples were analyzed fo r 
n itra te  (expressed as mg/L N), orthophosphate and ammonia w ith in  48 
hours o f co llec tion  by co lo rim etric  techniques. The analyses were 
performed on a Bausch and Lomb Spectronic 20 fo llow ing the methods 
outlined by Hach Chemical Company (1984). Within one week of co llec­
tio n , the samples were analyzed fo r su lfa te  and ch lo ride . Sulfate was 
analyzed using a Hach Turb id itim eter as outlined by the American Pub­
l i c  Health Association (1985) and chloride by t i t r a t io n  with mercuric 
n itra te  using Hach reagents and methods (Hach Chemical Company, 1984).
The a c id if ie d  samples were analyzed fo r lith iu m , sodium and potas­
sium using flame emission techniques on a modernized so lid -s ta te  model 
82-500 Jarrel-Ash Atomic Absorption/Flame Emission Spectrometer using 
a hydrogen-air flame. Calcium and magnesium concentrations were 
determined with atomic absorption spectrometry on the same un it using
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an acetylene and nitrous oxide flame. Cesium chlo ride  was added to 
each sample to provide a cesium concentration of 1000 mg/L in order to 
suppress ion iza tion .
Heavy metals (cadmium, cobalt, copper, iron, lead, manganese, 
nickel and zinc) were analyzed by atomic absorption spectrometry using 
an acetylene-air flame. 150 ml of ac id ifie d  samples, to which 3.0 ml 
of phthalate buffer had been added, were raised to pH of 3.5 using a 
0.5 N NaOH solu tion. The metals were chelated with 10.0 ml of d ie th ­
yldithiocarbamate and extracted from the water sample with 22 ml of 
methyl isobutyl ketone (Nix and Goodwin, 1970).
Bacteriology
In testing fo r both fecal coliform  and fecal Streptococcus, the 
membrane f i l t e r  technique was used as described by the American Public 
Health Association (1985). 500 ml water samples were collected at 20
springs in s te r iliz e d  (autoclaved fo r 15 minutes at 127 °C and 1.1 
kg/cm2) glass mason ja rs . In the laboratory, two 25 ml and two 100 ml 
samples per spring were f i l te re d  through 47 mm diameter 0.45 um pore- 
size membranes. These membranes were placed into four pe tri dishes, 
two with mFC broth and two with SF broth, to tes t fo r the growth of 
fecal coliform  and fecal Streptococcus colonies, respective ly. The 
fecal coliform  plates were incubated are 44.5 °C fo r 24 hours; 
whereas, the fecal Streptococcus plates were incubated fo r 48 hours at 
35.5 °C. A fte r incubation, the colonies were counted.
A problem was encountered in the counting of the colonies. The 
ind ica tive  colors of the bacteria caused by the stains in the broth
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(dark blue colonies against a l ig h t  blue agar fo r fecal co lifo rm  and 
dark red colonies against a yellow agar fo r fecal Streptococcus) did 
not develop in e ithe r case. Although some of the agar turned from 
blue to yellow in tes ting  fo r  fecal Streptococcus, most o f the colo­
nies were yellowish-cream to orange to l ig h t  pink. In the case of the 
fecal co lifo rm  analyses, only one p e tr i dish developed the blue back­
ground color and the res t retained the o rig ina l purple color of the 
mFC broth. The colonies ranged from clear to cream-colored, with a 
few being blue-gray to blue.
As a re s u lt, three colonies o f alleged fecal Streptococci and 
three colonies o f fecal co lifo rm  were reanalyzed by scraping them with 
a wire loop and red isso lv ing them in s te r iliz e d  d is t i l le d  water.
These s ix  samples were again f i l te r e d  and incubated using the f i l t e r  
membrane technique and the broths mentioned above. A fte r in cu c itio n , 
the dishes containing the "feca l Streptococci" had the ind ica tive  y e l­
low co lo r; whereas, the colonies were s t i l l  cream to c lea r. One 
"fecal co lifo rm " dish proved po s itive  by developing dark blue colo­
nies, but the other two retained purple-colored broth and had pink 
colonies.
The bacteria  are in te rpre ted to be fecal co lifo rm  and fecal Strep­
tococcus because background bacteria are th e o re tic a lly  minimal because 
temperatures and broth mixtures are designed s p e c if ic a lly  fo r fecal 
co lifo rm  and fecal Streptococcus (American Public Health Association, 
1985). However, w ithout the ind ica tive  colors the bacteria , id e n t i f i ­
cation cannot be conclusive. Therefore, in the data tab les, the
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bacteria names are given in quotes. Regardless of the s tra in , there 
are s ta t is t ic a l ly  higher counts of bacte ria l colonies in the m icrobio­
log ica l contamination of the groundwater under the control subarea. 
Although id e n tif ic a t io n  o f the contaminating bacteria is  needed to 
determine the source of the contamination, land use is  a log ica l 
in te rp re ta tio n  because most other factors are s im ila r between the 
experimental and control s ite s . Fecal co lifo rm  were again analyzed 
during the ra in  event of la te  June, 1987. This time the in d ica tive  
colors were present a fte r using the same dehydrated mFC medium and a 
new ro so lic  acid-NaOH mixture to obtain the broth. Improperly mixed 
ro so lic  acid-NaOH could explain the absence of in d ica tive  colors fo r 
the fecal co lifo rm  analyses of the spring sample c o lle c t io n ; however, 
th is  theory would not explain the fa lse  colors obtained fo r  the fecal 
Streptococci because no ro so lic  acid-NaOH is  used in th is  broth.
PRINCIPAL FINDINGS AND SIGNIFICANCE 
Summer-Fall Sampling Period
Table 1 l is t s  the resu lts  o f the chemical analysis o f the f i r s t  
sample set co llected during the la te  summer and early  f a l l  of 1986. 
S ta t is t ic a l Analysis System (SAS) was used fo r  s ta t is t ic a l analysis of 
the data. An alpha level =0. 05 was chosen fo r the te s t so tha t a 
p ro b a b ility  > F below th is  alpha level would be in d ica tive  o f a s ig ­
n if ic a n t d iffe rence between the means of any parameter. Table 2 l is t s  
the means fo r  each parameter in the control and experimental subareas 
and resu ltan t p ro b a b ility  values fo r  the t - te s ts .  Figures 3 and 4 
show the occurrence of concentrations of n itra te  and ch lo ride , both of
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Table 1. Data fo r  the summer-fall sampling period . e = exper­
imental and c = c o n t ro l .
S p r i n g
1
2
3
4
5
6 
7 
3
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22 
23 
25
S p r i n g
1
2
3
4
5
6 
7 
8 
9
10 
11 
12
13
14
15
16
17
18
19
20 
21 
22 
23 
25
C o n t r o l  T e m p e ra tu r e  
o r  Ex p .  i n  
S p r i n g  C e n t i g r a d e S p e c i f i c  C o n d u c ta n c e
e
e
e
e
e
e
e
e
e
e
e
c
e
e
e
e
e
c
e
e
e
c
c
c
A l k a l i n i t y  
i n  m g/L  as  
CaCo3 
220 
230 
220 
215 
250 
225 
215 
100 
205 
115 
220 
145 
155 
95 
155 
25 5 
95 
155 
160 
210 
265 
155 
145 
180
1 8 .5
1 9 .0
2 0 .5
2 3 .5
2 3 .5
2 2 .0  
2 0 .0  
2 1 .  S 
1 9 .9  
2 2 .0  
2 6 .0  
1 8 .0  
2 0 .0  
2 1 . 0
2 0 .5
1 9 .0
1 8 .5
1 6 .0  
1 9 .3
1 6 .5
1 9 .0
2 0 .5
1 9 .0
1 6 .5
PH
7 .1 4
7 .3 4
7 .3 5  
7 .5 2  
7 .7 3
7 .1 5  
7 .0 0  
7 .6 9  
7 .3 0  
7 .3 8
8 . 07
7 .6 3  
7 .2 5
7 .6 0  
7 .4 6
7 .2 0
7 .6 3
7 .2 0
б .  72 
7 .4 5  
7 .0 4
7 .6 1  
7 .9 8  
7 .3 4
N i t r a t e  
i n  m g /L  
as N
5 .0 0
6 .0 0  
1 .2 0  
0 .1 5  
0 . 3 0  
1 .4 5  
4 .5 5  
2 .2 5  
2 .8 0
1 .3 0
1 .3 0  
0 .1 0  
0 .8 5  
0 .4 5  
1 .3 5  
2 .6 0  
1 .5 0  
0 .1 2
2 .4 0
3 .4 0
6 .4 0  
0 .0 5  
0 .1 0  
0 . 6 0
3 7 5 .0
4 2 9 .0
3 5 7 .5
3 4 5 .0
4 6 1 .0
3 7 8 .0
5 4 0 .0
1 6 6 .0
3 7 1 .0
2 3 8 .5
3 5 8 .0
2 2 8 .0
3 1 3 .5
2 3 5 .0
3 1 1 .0
4 7 6 .0
1 9 2 .0
2 5 4 .0
3 1 4 .0
3 7 4 .0
5 4 0 .0
2 6 4 .0
2 4 4 .0
3 0 2 .0
P h o sp h a te  
i n  mg/L  
as P04
0 .0 7
0 .2 0
0 .1 0
0 .0 7
0 .0 8
0 .1 5
0 .4 4
0 .0 1
0 .1 4
0 .0 1
0 .0 4
0 .0 2
0 .0 6
0 .0 3
0 .0 7
0 .0 5
0 .0 7
0 .0 4
0 .0 7
0 .0 8
0 .2 3
0 .1 6
0 .5 9
19
Table 1. (continued)
S p r i n g
1
2
3
4
5
6 
7 
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22 
23 
25
Ammonia 
i n  m g/L  
as N 
0 .0 2  
0 .0 4  
0 .0 1  
0 .2 0  
0 .0 6  
0 .1 2  
• 0 .0 2  
0 .0 2  
0 .0 2  
0 .0 2  
0 .0 1  
0 .0 2  
0 . 0 6  
0 .0 2  
0 .0 2  
0 .0 3  
0 .0 1  
0 .0 1  
0 .0 3  
0 . 0 8  
0 .0 2  
0 .0 1  
0 .0 1  
0 . 0 1
C h l o r i d e  
i n  mq/L 
1 3 .1 6  
1 5 .3 3  
1 2 .38  
8 . 51 
1 9 .9 7  
1 4 .0 9  
2 9 .5 7
5 .5 7  
1 9 .0 4  
2 0 .7 4  
1 1 .30
5 .1 1
1 6 .25
2 6 .1 9
8 .57 
5 .2 4
3 .5 7  
2 .3 8  
4 .7 6  
8 .1 0  
7 .8 6
3 .8 1  
2 . 86
3 .8 1
S p r i n g
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22 
23 
25
P o ta s s iu m  
i n  mq/L 
1 .1 0  
2 .1 0  
2 .1 0  
0 .9 0  
1 .8 0
3 .5 5  
2 .1 5  
1 .0 0
3 .2 0  
1 .3 5  
1 .9 0  
1 .4 0  
2 .1 0  
0 .8 0  
1 .2 5
1 .2 0  
1 .0 0  
0 .7 5  
1 .3 0  
1 .0 0
1 .5 5  
0 . 8 0
0 .7 5
S u l f a t e  
i n  mg/L 
as S
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0  
7 .5
3 .0
8 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0  
1 1 .0
3 .0
3 .0
3 .0
C a lc iu m  
i n  mq/L
79 
86 
70
80
93 
77
94
32 
72 
43 
77 
52 
66
33 
60 
99 
37 
52 
60 
77
116
58
64
Magnesium 
i n  mq/L 
1 .7 0
2 .7 5
1 .4 0  
1 .0 5
1 .4 0
1 .4 0  
5 .6 5  
0 .9 0  
2 .3 0  
0 .9 0
1 .7 5
1 .4 0  
2 .0 0  
0 .6 0  
1 .1 0  
1 .5 5  
0 .7 5
1 .4 0
2 .1 5  
1 .2 0  
2 .1 0
1 .1 5
0 .6 0
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Sodium
i n
mg/L
4 .5 0
5 .0 0
3 .7 0
3 .7 0  
6 .2 0
3 .7 0  
1 5 .00
3 .0 0  
6 .4 0  
7 .3 0
4 .5 0
2 .0 0  
4 .7 5
1 3 .50
5 .0 0
3 .0 0  
2 .8 0
1 .7 0
5 .5 0  
5 .6 0
6 .0 0
2 .7 0
2 .2 0
D is t a n c e  t o  
L in e a m e n t  i n  
m e te r s  
38 
308 
5 38 
385 
923 
892 
2461 
1385 
38 
1170 
38 
38 
1077 
308 
38 
308 
800 
1923 
231 
769 
308 
1462 
1308 
38
Table 1. (continued)
s p r i n g
26
28
30
31
32
33
34
35
36
37
43
44
45
46
47
48
49
50
51
52
53
56
57
58
S p r i n g
26
28
30
31
32
33
34
35
36
37
43
44
45
46
47
48
49
50
51
52
53
56
57
58 
C o n t r o l  
o r  Exp. 
S p r i n g 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e
A l k a l i n i t y  
i n  mg/L as 
CaC03 
235 
145 
150 
156 
110 
165 
110 
155 
185 
185 
115 
235 
150 
145 
15O 
120 
140 
185 
250 
190 
175 
190 
125 
170
T em p e ra tu re
i n
C e n t i g ra d e
1 6 .0
1 8 .0
1 5 .8
1 7 .0
2 3 .0
2 0 .5
2 1 .5
2 2 .0  
2 1 .0
1 5 .5
1 7 .5  
1 8 .0  
1 6 .0
1 5 .0
1 3 .0
1 6 .0
1 7 .0
16 .5
16 .0
13 .5
17 .0
1 5 .0  
1 6 .0
1 5 .0
pH
7 .45  
7 .58
7 .4 6  
7 .65  
7 .7 0
7 .60  
8 .0 0  
7 .6 4
7 .30
7 .6 0
7 .0 0  
7 .34
7 . 80
7 .0 0  
7 .73  
7 .2 0  
7 .4 0  
7 .15  
7 .10  
7 .5 0
7 .09  
7 .8 0  
7 .1 7
7 .1 0
S p e c i f i c  Conductance
N i t r a t e  
i n  m g/L  
as N
0 .3 0  
0 .4 0  
0 .0 5  
0 .1 0  
2 .45  
0 .0 5  
0 .1 0  
0 .0 5  
0 .0 8  
0 .3 9  
0 .1 0  
0 . 10 
2 .1 0  
5 .03  
4 .5 0  
2 .0 0  
1 .85  
1 .65  
0 .7 5  
3 .05  
3 .82  
1 .5 8  
3 .15  
4 .9 0
415 .0
262 .0
2 5 9 .0
243 .5
223 .5
296.5
202 .0
288 .0
302 .5
327 .0
308 .0
4 44 .5
342 .0
4 0 8 .0
397 .0
3 4 4 .5
339 .0
374 .5
4 85 .0
4 4 3 .0
383 .0
4 41 .5
395 .0
483 .5
Phosphate
i n  mg/L 
as PO4
0 .05
0 .0 7
0 .04
0 .06
0 .09
0 .01
0 .01
0 .07
0 .04
0 .09
0 .01
0 .03
0 .0 9
0 .4 9
0 .10
0 .10
0 .17
0 .10
0 .15
0 .12
0 .17
0 .20
0 .23
0 .33
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Table 1. (continued)
S p r i n g
26
28
30
31
32
33
34
35
36
37
43
44
45
46
47
48
49
50
51
52
53
56
57
58
Ammonia 
i n  mg/ L 
as N 
0 . 0 2  
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 3  
0 . 0 1  
0 . 0 1  
0 . 0 3  
0 . 0 2  
0 . 0 5  
0 . 1 0  
0 . 0 2  
0 . 0 5  
0 . 0 2  
0 . 0 2  
0 . 0 2  
0 . 0 3  
0 . 0 1  
0 . 0 2  
0 . 0 2  
0 . 0 2
C h l o r i d e  
i n  mq/L 
1 . 6 7  
3 . 1 0  
1 . 9 0  
2 . 0 0  
6 . 6 5  
2 . 0 0
1 . 25
4 . 0 0  
1 . 75
4 . 0 0
2 . 0 0
3 . 0 0
4 . 0 0  
8 . 6 0  
7 . 8 0
1 5. 60
5 .2 5
3 . 0 0
6 . 2 5  
2 5 . 00
8 . 2 5  
4 . 5 0
6 . 0 0  
1 2 . 50
S p r i n g
26
28
30
31
32
33
34
35
36
37
43
44
45
46
47
48
49
50
51
52
53
54
57
58
P o t a s s i u m  
i n  mq/L 
0 . 7 8  
1 . 1 0  
2 . 0 0  
0 . 9 4  
2 . 8 0  
0 . 9 9  
0 . 9 4  
2 . 0 0  
0 . 9 2  
1 . 1 0  
0 . 9 9  
0 . 7 0  
0 . 7 8  
2 . 6 5
1 . 9 0  
1 .2 5 
2 . 8 0  
1 . 5 0
4 . 0 0  
1 . 85
3 . 0 0
1 . 9 0  
2 . 2 0  
2 .8 0
S u l f a t e  
i n  mg/L  
as S
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0  
1 0 . 0
8 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0  
3 . 5
3 . 0
3 . 0
3 . 0
3 . 0
Sodium
i n
mq/L
1 . 3 0
7 . 4 0
5 . 0 0  
2 . 1 0  
9 . 8 0  
2 . 2 0  
1 . 1 5
2 . 3 5
2 . 0 0
3 . 3 0
1 . 3 0
2 . 3 5
3 . 0 0
6 . 0 0  
5 . 2 0
1 0 . 0 5
1 . 7 0
2 . 3 0
6 . 4 0  
1 2 . 0 0
5 . 4 0  
3 . 5 0  
3 . 6 0  
5 . 9 5
C a l c i u m  
i n  mq/ L 
92 
49 
52 
45
33 
54
34 
54 
60 
57
42 
82 
54 
60 
60
43 
48 
62 
86 
77
64
65 
51 
64
D i s t a n c e  t o  
L i n e a m e n t  i n  
m e t e r s
1230
38
38
1000
1000
308
462
462
923
154
38
38
923
38
38
154
38
462
1108
38
538
615
38
1 85
Magnesium 
i n  mq/L 
1 . 75
3 . 3 0
3 . 5 0  
2 . 2 0  
3 . 35  
3 . 20  
4 . 1 5  
2 . 25  
1 . 9 5
4 . 6 0
1 .3 0
2 .5 5 
1 .0 5
2 . 3 0  
1 .8 5
1 . 5 0
1 . 6 0  
1 . 6 0
2 . 5 5
1 . 6 5  
1 . 4 0
2 . 5 0
1 . 6 5
1 . 5 5
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Table 2. Data fo r  the t- tes ts  fo r the summer-fall 
sampling period.
T em pera tu re
S p e c i f i c
C onduc tance
A l k a l i n i t y
PH
N03
PO4
n h 3
C l
SO4
Na
K
Ca
Mg
Group
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp .
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp.
N
18
30
18
30
18
30
18
30
18
30
18
30
18
30
18 
30 
18
30
17
30
17
30
17
30
17
30
Mean
18.4
18 .7
289.2
375.6
159.8
181.5
7 .5  
7 .3
.40
2 .58
0 .0 9
0 .13
0 .0 1
0 .0 4
3 .07  
11 .77
2 .9
2 .7
3 .05  
5 .71
1 .16
1 .91
54 .9
67 .7
2 .34
1 .76
S t d . 
D e v .
3 .4  
3 .1
6 3 .4
9 1 .1
35 .1  
50.3
0 .25
0 .3 0
.70
1 .74
0 .1 4
0 .1 2
0 .0 1
0 .0 4
1 .39
7 .14
2 .4
2 .3
2 .31
3 .15
0 .5 8
0 .83
1 4 .7
2 0 .0
1 .17
0 .91
M in .
15 .5
13 .0
202 .0
166 .0
110 .0
9 5 .0
7 .0  
6 .7
.03
.15
0 .01
0 .0 1
0 .01
0 .01
1 .25
3 .00
3 .0
3 .0
1 .15
1 .70
0 .70
0 .8 0
33 .0
32 .0
0 .60
0 .6 0
Max.
2 3 .0
2 6 .0
4 44 .5
5 40 .0
235 .0
265 .0
8 .0
8 .1
2 .45
6 .40
0 .5 9
0 .4 9
0 .05
0 .2 0
6 .65  
2 9 .57  
 1 0 .0  
1 1 .0
9 .8 0
1 5 . 00
2 .80  
4 .00
9 2 .0
116 .0
4 .60
5 .65
P ro b .
F
0 . 2 0 16 
0 .1191  
0 .1220  
0 .5505  
0 .0003  
0 .4413 
0 .0 00 1  
0 .0001  
0 .8608  
0 .1 97 0  
0 .1279  
0 .2021 
0 . 2 328
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Figure 3. D is tr ib u tio n  o f n itra te  concentrations fo r  the 
summer-fall sampling period.
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(Concentrations os Chloride)
Figure 4. D is tr ib u tio n  o f ch lo ride  concentrations fo r  the 
summer-fall sampling period.
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which have s ta t is t ic a l l y  higher mean values in the experimental 
springs re la t ive  to the control springs (2.58 and 0.40 mg/L, respec­
t iv e ly ) .  Because land use is the only major d ifference between the 
two subareas, i t  is  concluded tha t the concentration differences are 
re lated to land use, i . e . ,  ag r icu ltu re , s p e c if ic a l ly ,  spreading of 
chicken l i t t e r  on pastureland. Hileman (1972) determined n i t ra te ,  
phosphate, calcium, potassium and manganese were highly soluble and 
read ily  leached through so i ls  when chicken l i t t e r  was applied as fe r ­
t i l i z e r ;  however, cation exchange of the potassium in the leachate is 
reduced by adsorption in the s o i l .  Because chicken l i t t e r  contains 
more potassium than sewage, other animal manures, or most a r t i f i c i a l  
f e r t i l i z e r s ,  high leve ls of potassium in the groundwater may be used 
as a good ind ica tor of contamination by chicken l i t t e r .  Although the 
ammonia concentrations are very low, the mean ammonia concentration is 
higher in the experimental subarea. Other possible ag r icu ltu ra l p o l lu ­
tants, such as orthophosphate, sodium, su lfa te  and potassium are not 
s ta t is t ic a l l y  d if fe re n t  in concentration between the two subareas fo r  
th is  co llec t ion  period. The f ie ld  determined parameters (temperature, 
pH, spec if ic  conductance and to ta l a lk a l in i ty )  have s im ila r  values fo r 
both subareas because these parameters are influenced by hydrology, 
geology, topography, climate and meteorology which are s im ila r between 
the two subareas.
Correlations between ind iv idual parameters were checked by the 
Pearson Correlation te s t u t i l i z in g  SAS (Table 3). A pos it ive  corre la ­
t ion  between any two parameters implies that the parameters may have
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Table 3. Pearson corre la t ion  coe ff ic ien ts  (upper numbers) and 
corresponding alpha values (lower numbers).
S p e c i f i c
C o n d u c ta n c e
A l k a l i n i t y
pH
nO3
PO4
n h 3
C l
so4
Ca
Mg
K
Na
L in e a m e n t
-0 .2 7 2 1 5
0 .0 6 1 3
48
0 .0 5 2 1 9
0 .7 2 4 6
48
0 .2 7 0 3 2
0 .0 6 3 1
48
- 0 .2 5 9 0 1
0 .0 7 5 5
48
- 0 .2 9 6 2 3
0 .0 4 3 2
47
0 .1 7 2 9 1
0 .2 3 9 9
48
0 .2 0 2 3 1
0 .1 6 7 9
48
0 .2 3 8 1 5
0 .1 0 7 0
47
0 .0 0 9 8 8
0 .9 4 7 4
47
- 0 .0 2 7 9 0
0 .8 5 2 3
47
- 0 .0 3 8 5 6
0 .7 9 6 9
47
0 .0 3 2 4 5
0 .8 2 8 6
47
0 .2 0 5 6 0
0 .1 6 0 9
48 
TEMP
0 .7 6 9 3 4
0.0001
48
- 0 .4 4 8 1 7
0 .0 0 1 4
48
0 .5 6 1 7 8
0.0001
48
0 .4 0 4 9 1
0 .0 0 4 8
47
0 .2 0 4 3 5
0 .1 6 3 6
48
0 .3 4 1 8 5
0 .0 1 7 4
48
0 .1677Q
0 .2 5 9 8
47
0 .8 4 4 6 4
0.0001
47
0 .1 7 4 4 8
0 .2 4 0 8
47
0 .3 9 5 1 1
0 .0 0 6 0
47
0 .2 6 0 9 3
0 .0 7 6 5
47
-0 .0 7 8 4 1
0 .5 9 6 3
48 
SPC
- 0 .2 4 2 3 5
0 .0 9 7 0
48
0 .2 3 2 6 5
0 .1 1 1 5
48
0 .1 23 4 1
0 .4 0 8 6
47
0 .2 2 1 7 3
0 .1 2 9 9
48
0 .1 5 2 3 1
0 .3 0 1 4
48
0 .2 0 7 3 0
■0.1621
47
0 .9 4 9 1 4
0.0001
47
0 .1 2 2 5 6  
0 .4 1 1 8  
47
0 .2 0 4 4 9
0 .1 6 8 0
47
- 0 .0 2 7 2 7
0 .8 5 5 6
47
0 .0 1 3 1 1
0 .9 2 9 5
48 
AUC
- 0 .4 1 7 5 7
0 .0 0 3 1
48
- 0 .3 1 6 3 7
0 .0 3 0 3
47
- 0 .1 5 1 9 3
0 .3 0 2 6
48
- 0 .1 7 2 0 9
0 .2 4 2 2
48
0 .0 4 4 3 9
0 .7 6 7 0
47
- 0 . 3 1 6 6 7
0 .0 3 0 1
47
0 .0 2 3 2 2
0 .8 7 6 9
47
- 0 .2 7 9 7 4
0 .0 5 6 9
47
- 0 . 1 5 7 3 3
0 .2 9 0 9
47
0 .0 4 4 4 7
0 .7 6 4 1
48 
PH
0 .4 3 9 5 8
0 .0 0 2 0
47
0 .0 9 0 0 8
0 .5 4 2 6
48
0 .3 7 6 5 9
0 .0 0 8 3
48
0 .1 4 4 3 9
0 .3 3 2 9
47
0 .3 7 8 2 9
0 .0 0 8 7
47
0 .0 6 3 5 5
0 .6 7 1 3
47
0 .3 6 3 7 6
0 .0 1 2 0
47
0 .3 7 9 1 8
0 .0 0 8 6
47
- 0 . 1 3 6 1 8
0 .3 5 6 0
48 
NO 3
C o r r e l a t i o n  C o e f f i c i e n t s  
P ro b .  ( R)
O b s e r v a t i o n s
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Table 3. (continued)
n h 3
C l
SO4
Ca
Mg
K
Na
L in e ­
ament
0 .0 7600
0 .6 11 6
47
0 .1 88 4 9
0 .2 0 4 5
77
- 0 .0 6 0 2 0
0 .6 9 1 0
46
0 .2 29 4 8
0 .1 2 5 0
46
0 .1 02 4 2
0 .4 9 8 2
46
0 .3 2633
0 .0 2 6 9
46
0 .2 1843
0 .1 4 4 7
46
0 .0 4 1 3 8
0 .7 8 2 4
47
P04
0 .2 04 3 6
0 .1 6 3 5
48
-0 .1 3 6 5 4
0 .3 6 0 1
47
0 .2 5415
0 .0 8 4 7
47
- 0 .2 1 7 7 0
0 .1 4 1 6
47
0 .1 07 1 0
0 .4 7 3 6
47
0 .0 4 8 4 9
0 .7 46 2
47
-0 .0 3 8 1 5
0 .7 9 6 9
48
NH3
0 .0 5 4 4 4
0 .7 1 6 3
47
0 .2 5 2 9 5
0 .0 8 6 3
47
0 .0 0 1 2 7
0 .9 9 3 2
47
0 .3 0 1 7 1
0 .0 3 9 3
47
0 .8 0 0 6 6
0 .0 0 0 1
47
0 .1 1 7 2 3
0 .4 2 7 5
48
CL
0 .2 1 3 7 7
0 .1 5 3 7
46
0 .1 1 8 9 9
0 .4 3 0 9
47
0 .1 2 3 2 8
0 .4 1 4 4
46
0 .0 6 5 4 2
0 .6 6 5 8
46
- 0 .0 6 9 5 6
0 .6 4 2 2
47
SO 4
0 .0 9814
0 .5 1 1 6
47
0 .1 9722
0 .1 8 3 9
47
0 .0 96 0 7
0 .5 2 0 6
47
0 .0 53 0 0
0 .7 23 5
47
CA
0 .1 8 0 6 7
0 .2 2 4 3
47
0 .2 2 5 1 8
0 .1 2 8 1
47
0 .1 2 4 0 1
0 .4 0 6 3
47
MG
0 .2 7 0 7 6
0 .0 6 5 7
47
- 0 . 0 3 4 9 7
0 . 8 1 5 5
47
K
0 .1 2 1 7 0
0 .4 1 5 1
47
Na
C o r r e l a t i o n  C o e f f i c i e n t  
P ro b  [R ] 
O b s e r v a t i o n s
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the same source. A corre la t ion  c o e ff ic ie n t approaching 1.0000 and a 
p ro b a b i l i ty  > [R] less than 0.0500 indicates a pos it ive  corre la t ion  of 
the two parameters. Chloride correlates p o s it ive ly  with n i t ra te  (F ig­
ure 5). Although most o f the springs form a l inea r trend, approxi­
mately 11 experimental springs l i e  above th is  trend, i . e . ,  these 
springs are enriched in ch loride. These high chloride levels are well 
correlated with sodium and may be the re su lt  o f contamination by s a l t  
blocks which are present in many pastures. The experimental springs 
tha t l i e  on the trend imply the two ions have a s im ila r  source.
Because there is  no chloride in commercial a r t i f i c i a l  f e r t i l i z e r s ,  the 
source of th is  chloride and n i t ra te  is  probably animal or human 
wastes. Animal wastes are a more probable source because of the large 
quantit ies  applied as f e r t i l i z e r  and dropped by farm animals in pas­
tures.
N itra te  also correlates s ig n i f ic a n t ly  with orthophosphate, though 
i t s  trend is  less d is t in c t  (Figure 6). Most springs group together 
toward the bottom of the p lo t ( i . e . ,  are low in orthophosphate); how­
ever, four experimental springs p lo t high in orthophosphate. Both 
ions may share a common source of feces or a r t i f i c i a l  f e r t i l i z e r s .
The high orthophosphate concentrations may be a re su lt  o f laundry 
detergents leaching in to  the groundwater through septic tanks. Other 
s ig n if ic a n t  pos it ive  corre la tions include n i t ra te  and potassium, 
n i t ra te  and sodium, orthophosphate and potassium, chloride and potas­
sium, and ch loride and sodium (Table 3). Correlations in which chlo­
ride and sodium are involved with nutrien ts probably indicate a mutual
29
Figure 5. Chloride versus n itra te  fo r  the summer-fail sampling 
period.
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Figure 6. Orthophosphate versus n itra te  fo r  the summer-fall sampling 
period.
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source of animal or human wastes because neither ion is in mineral 
f e r t i l i z e r s .  Sodium and chloride corre late strongly in a posit ive  
trend (Figure 7). The source of these ions is c lea r ly  s im ila r and may 
be s a l t  blocks or animal and/or human wastes. Other corre la tions 
include s ig n if ic a n t  pos it ive  trends between calcium, to ta l a lk a l in i t y  
and spec if ic  conductance (Table 3). These corre lations are expected 
because a lk a l in i t y  at these pH values is  dominantly contro lled by 
bicarbonate ions which are produced by ca oonate e q u i l ib r ia  reactions 
between the water and limestone. Also bicarbonate ions, along with 
the d iva lent calcium ions, are present in concentrations of 50 to 100 
mg/L in both subareas and have a profound e ffe c t  on the conductance of 
the groundwater. No s ig n if ic a n t  negative corre la t ions were determined 
between any of the ind iv idual po llu tan ts . No corre la t ions ex is t 
between concentrations of any of the ions of any of the parameters and 
proximity to photo-lineaments (Table 3). This lack o f corre la t ion  
suggests tha t there is no e ffe c t  on the concentrations o f po llu tants 
caused by proximity to a photo-lineament.
Winter Sampling Period
Part of the seasonal study included resampling 24 springs from 
December 3 to December 5, 1986 to te s t fo r changes in the water chem­
is t r y .  In addition to the parameters measured fo r  the Summer-Fall 
co llec t ion  set, th is  set was also analyzed fo r  heavy metals (cobalt, 
n icke l,  z inc, lead, iron , copper, cadmium and manganese). Table 4 
l i s t s  the resu lts  of these analyses. These winter samples were ana­
lyzed s ta t is t ic a l l y  in the same manner as above. During th is  season,
32
Figure 7. Chloride versus sodium fo r  the summer-fall sampling 
period.
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Table 4. Data fo r  the w inter sampling period, e = experimental 
and c = c o n tro l .
S p r i n g
C o n t r o l  
o r  Exp. 
S p r i n g
T e m p e ra tu re  i n
C e n t i g r a d e  S p e c i f i c  C o n d u c ta n c e  ph
1
2 
3
6
7
11
12
13
18
20
22
23
25
28
30
33
34 
37
47
48
49
50
51 
56
S p r i n g
1
2
3
6
7
11
12
13
18
20
22
23
25
28
30
33
34 
37
47
48
49
50
51 
56
e
e
e
e
e
e
c
e
c
e
c
c
c
c
c
c
e
e
e
e
e
e
A l k a l i n i t y
i n  m g/L  as 
CaC03 
180 
200 
195 
190 
190 
175 
140 
160 
135 
210 
145 
130 
150 
130 
150 
155 
145 
125 
165 
135 
145 
170 
260 
180
1 5 .0
1 4 .0
1 1 .0
1 3 .0
15 .5
1 2 .0
13 .5
1 3 .0
1 3 .5
1 4 .5
1 0 .5
1 2 .0  
13.5
1 4 .0
1 3 .5  
9 . 8
13 .0
1 0 .0
1 0 .5
1 4 .5
1 3 .5
1 5 .5  
1 1 .0
9 .5
N i t r a t e  
i n  mg/L  
as N
6 .0 0
7 . 2 5
1 .8 0
0 .5 0
4 .0 0  
1 .20  
0 .2 0
1 .00  
0 .1 2
4 .0 0  
0 .0 3  
0 .0 8  
0 .0 7  
0 .6 2  
0 .1 0  
0 .0 5  
0 .0 8  
0 .3 0  
4 .7 0  
1 .2 0  
1 .2 0
3 .0 0  
0 .2 0  
2 .2 0
3 6 0 .0
3 8 4 .0
3 4 5 .5
3 2 6 .0
4 7 0 .0
3 6 5 .5
2 2 7 .5
2 8 8 .0
2 0 9 .0
3 6 0 .5
2 2 6 .0
2 1 4 .0
2 5 6 .0
2 1 7 .0
2 2 7 .5
2 3 5 .0
2 1 2 .0
1 9 5 .0
3 0 8 .0
2 5 3 .0
2 6 1 .0
3 5 9 .0
4 4 1 .5
3 1 6 .0
7 .3 8
7 .5 1
7 .5 5
7 .4 2
7 .0 0
7 .3 5
7 .3 6
7 .3 0  
6 .9 6
7 .5 0
8 .0 0  
8 .1 0  
8 .0 6  
7 .1 7  
7 .4 0
7 .6 5
8 .3 0
7 .9 0
7 .9 0  
7 .2 6
7 .5 0  
7 .2 5  
7 .1 0
7 .6 5
P h o sp h a te  Ammonia
i n  m g/L  
as N
0 .0 8
0 .2 0
0 .0 8
0 .2 8
0 .1 8
0 .0 7
0 .0 5
0 .0 7
0 .0 4
0 .1 2
0 .0 4
0 .0 4
0 .0 8
0 .0 4
0 .0 5
0 .0 4
0 .0 8
0 .0 5
0 .1 1
0 .1 2
0 .1 5
0 .1 8
0 .0 7
0 .1 3
i n  m g/L  
as N
0 .0 1
0 .0 1
0 .0 1
0 .0 2
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
C h l o r i d e
i n  mg/L
6 .9 0  
6 .6 6
5 .7 1
6 .43
16 .42
7 .24  
2 .5 2  
7 .47  
2 .6 2
8 .4 3  
2 .7 6
1 .9 0
3 .24  
3 .33  
2 .3 8  
2 .14  
1 .67  
3 .81
10 .71
21 .42
5 .71  
5 . 9 5 
6 .2 0  
5 .0 0
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Table 4. (continued)
S p r i n g
1
2
3
6
7
11
12
13
18
20
22
23
25
28
30
33
34 
37
47
48
49
50
51 
56
S u l f a t e  
i n  mq/L  
as S
3 . 0
3 . 0
3 . 0
3 . 0
3 9 . 0
2 6 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 0
3 . 1
3 . 0  
3 . 5
3 . 0
3 . 0
Sodium
i n
mg / L
4 . 6 0  
5 . 6 5
4 . 0 0
3 . 7 0  
1 3 . 5 0
6 . 7 0
2 . 0 5
4 . 1 0
2 . 0 0
5 . 6 0  
2 . 2 0
2 . 0 5
2 . 6 0
2 .5 5 
2 . 0 0  
1 . 8 0  
1 . 8 0
3 . 0 5
7 . 1 0  
1 6 . 00
4 . 1 0
6 . 1 0  
4 . 3 5
3 . 5 5
P o t a s s i u m  
i n  mq/L  
0 . 8 8
3 . 5 0
1 .5 5 
1 . 7 0
1 . 5 5  
1 . 8 5  
0 . 5 4
2 . 3 5  
0 . 2 6
1 .3 5 
0 . 1 9  
0 . 5 4  
0 . 5 4  
1 . 1 5  
0 . 6 4  
0 . 4 4  
0 . 5 4  
0 . 8 8  
2 . 2 0  
1 . 2 0  
3 . 0 0
2 . 5 0  
2 . 9 5
1 . 3 5
C a l c i u m  
i n  mq/L 
79 
82 
74 
74 
85 
76 
50 
59
42 
78 
50
43 
55
40 
50
48
41 
38
69
49 
52 
76 
96
70
Mag n e s i u m 
i n  mq/L
1 . 5 0
2 . 5 0
1 . 4 0
1 . 4 0  
4 . 0 0
2 . 5 0
1 . 5 0
1 . 9 0
1 . 9 0
1 . 5 0
1 . 5 0  
1 . 8 0  
0 . 9 0  
3 . 2 5  
1 . 3 5
3 . 3 0  
5 . 2 0
3 . 3 0
1 . 9 0
1 . 9 0  
1 .5 5 
1 . 7 5  
2 . 6 5  
1 . 7 0
Cadmium 
i n  ppb 
0 . 5  
0 . 5  
1 . 2
2 .4
2 . 4
2. 4 
1 . 2  
1 .2
2 . 4  
1 . 2
2 . 4
2 . 4  
1 . 2  
1 . 2  
0 . 5  
1 . 2  
1 . 2
2 . 4
2 . 4
2 . 4  
1 . 2  
1 . 2  
6 . 1
2 . 4
I r o n
i n
ppb_
36. 7
5 7 . 9
8 7 . 0
3 6 . 7
2 9 . 9  
1 0 5 .9
7 9 . 6
2 3 . 1
7 9 . 6
1 9 . 7  
1 1 7 .5
2 9 . 9
5 4. 3
5 7 . 9
4 0 . 3
2 3 . 1
2 9 . 9
6 1 . 4
3 6 . 7
1 9 . 7
2 3 . 1
1 6 . 4
6 4 . 9
4 3 . 7
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S p r i n g
1
2
3
6
7
11
12
13
18
20
22
23
25
28
30
33
34 
37
47
48
49
50
51 
56
C o p pe r
in  ppb
2 . 9
5 . 8
2 . 9
2 . 9
2 . 9
2 . 9  
3 0 . 2
5 . 8
2 . 9
2 . 9
2 . 9
2 . 9
5 . 8
2 . 9
5 . 8
5 . 8
8 . 8
8 .8
5 . 8
2 . 9
2 . 9
5 . 8
2 . 9
2 . 9
i n
p p b
6 . 3
9 . 6
5 . 4
7 . 9  
8 . 8
7 . 9
1 8 . 3  
1 2 . 2  
2 6 . 7
7 . 1
19 .3
1 0 . 4
1 0 . 4
3 1 . 5  
1 9 . 3
9 . 6
7 . 1
7 . 1
7 . 1  
8.8
7 . 1
9 . 6
1 7 . 5  
3 . 8
N i c k e l  
i n  ppb
7 . 2
7 . 2
7 . 2
7 . 2
3 . 6
7 . 2
3 . 6
3 . 6
3 . 6
3 . 6
7 . 2
3 . 6  
1 . 8
1 . 3  
1 . 8
3 . 6
3 . 6  
1 . 8  
1 . 8  
1 . 8  
1 . 8  
1 . 8
1 4 . 5
3 . 6
Mang anese
i n  ppb 
1 8 . 4  
1 1 . 0  
2 4 . 8
6 7 . 3
2 . 7
31 .3  
6 . 2
2 . 7
13 .4
3 .8
4 2 . 2
3 . 8  
6 . 2
2 2. 2
9 . 8
1 .5  
5 . 0
1 3 . 4  
6 . 2
1 . 5
1 .5
1 . 5  
2 5 6 . 0
7 . 4
C o b a l t  
i n  ppb 
1 . 6  
1 . 6  
1 . 6  
1 . 6  
0 . 8  
1 . 6  
0 . 8  
0 . 3  
5 . 0  
1 . 6  
1 . 6  
1 . 6  
0 . 8  
1 . 6  
0 . 8  
0 . 8  
0 . 8  
1 . 6  
1 . 6  
1 . 6  
1 . 6  
0 . 8  
1 1 . 8  
1 . 6
i n
p p b
2 . 5
7 . 8
7 . 8
1 3 . 1
7 . 8
7 . 8  
2 3 . 7
7 . 8
7 . 8
2 . 5
7 . 8
7 . 8
2 . 5
7 . 8
2 . 5
7 . 8
2 . 5
7 . 8
7 . 8
1 3 . 1
1 3 . 1
7 . 9  
4 5 . 3
7 . 8
L i n e
38
308
538
892
2462
38
38
1077
1923
770
1462
1308
38
38
38
308
4620
154
38
154
38
462
1108
615
not only were n itra te  and ch lo ride  concentrations s ta t is t ic a l ly  higher 
in the experimental subarea, but orthophosphate (Figure 8), potassium 
(Figure 9), sodium, calcium, magnesium, to ta l a lk a lin ity  and spe c ific  
conductance also had s ta t is t ic a l ly  higher means; whereas, pH was s ig ­
n if ic a n t ly  lower in the experimental subarea re la tiv e  to the control 
subarea. An explanation fo r the higher n u tr ie n t concentrations, as 
well as the higher sodium and ch loride concentrations, in the exper­
imental subarea is  contamination of the aquifer by a g ric u ltu ra l a c t i­
v it ie s  which are much less prevalent in the control subarea. The con­
centrations of the nu trien ts  would be expected to increase in the win­
te r when there is  l i t t l e  vegetation to u t i l iz e  these ions; and, hence, 
a greater opportunity fo r more parameters to e xh ib it d ifferences 
between the two subareas. A possible explanation fo r the higher means 
of sp e c ific  conductance, calcium, magnesium, to ta l a lk a lin ity  and low 
mean pH values in the experimental subarea is  tha t organics, such as 
animal wastes, may leach in to  the aqu ife r, decay and release carbon 
dioxide. The carbon dioxide dissolves and forms carbonic acid in the 
groundwater, thus, lowering the pH and allowing the water to dissolve 
more of i t s  host limestone rock. Thus, th is  process increases the 
leve ls o f calcium, magnesium and to ta l a lk a lin ity .  The increase in 
to ta l a lk a lin ity  would then ra ise the pH.
S ig n ifica n t d iffe rences of heavy metal concentrations (Table 5) 
between the groundwater o f the two subareas were also determined. 
Copper and zinc had higher means in the control subarea; whereas, 
n icke l, manganese and cobalt were more concentrated in the experimen-
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Figure 8. D is tr ib u tio n  o f orthophosphate concentrations fo r the 
w in te r sampling period.
37
Figure 9. D is trib u tio n  of potassium concentrations fo r  the w in te r 
sampling period.
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T e m p e r a t u r e
S p e c i f i c
C o n d u c t a n c e
A l k a l i n i t y
pH
n o3
PO4
NH3
C l
SO4
Na
K
Ca
Mg
Cd
Fe
Cu
G roup
C o n t r o l  
E x p .
C o n t r o l  
E x p .
C o n t r o l  
E x p .
C o n t r o l
Ex p.
C o n t r o l
Ex p.
C o n t r o l
Ex p.
C o n t r o l  
E x p .
C o n t r o l
E xp .
C o n t r o l
E xp .
C o n t r o l
Ex p.
C o n t r o l  
E x p .
C o n t r o l
Ex p.
C o n t r o l
Ex p.
C o n t r o l
Ex p.
C o n t r o l  
E x p .
C o n t r o l
Exp.
N
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
10
14
Mean
1 2 . 3
1 3 . 0
2 2 1 . 9
3 4 5 . 5
1 4 0 . 5
1 8 2 . 5
7 . 7
7 . 4
0 . 1 6  
2 . 7 3
0 . 0 5
0 . 1 3
0 .01  
0 . 0 1
2 . 6 4
8 . 5 9
2 . 1
6 . 4
2 . 2 1
6 . 3 6
0 . 5 7
2 . 0 3
4 5 . 7
7 2 . 3
2 . 4 0
2 . 0 1
1 . 6
2 . 0
5 7 . 4
4 3 . 0
7 . 7
3 . 8
S t d .
Dev.
1 . 6
2 . 0
16 .6
6 1 . 3
10 .1
3 0 . 4
0 . 5  
0 . 2
0 . 1 3
2 . 1 6
0 . 0 2
0 . 0 6
0 . 0 0
0 . 0 0
0 . 6 7
4 . 7 0
0 . 8
1 1 . 4
0 . 4 0
3 . 7 6
0 . 2 8  
0 . 7 5
5 . 6
1 2 . 6
1 . 3 2
0 . 7 1
0 . 7
1 . 4
29 . 1
27 .0
8 .2
1 . 4
Table 5. Data fo r  the t - t e s ts  fo r  the winte r sampling period.
M i n .
9 . 8
9 . 5
1 9 5 . 0
2 5 3 . 0
1 2 5 . 0
1 3 5 . 0
7 . 0
7 . 0
0 . 0 2
0 . 2 0
0 . 0 4
0 . 0 7
0 . 0 1
0 . 0 1
1 . 6 7
5 . 0 0
3 . 0
3 . 0
1 . 8 0
3 . 5 5
0 . 1 9
0 . 8 8
3 8 .0 
4 9 . 0
0 . 9 0
1 . 4 0
0 . 5
0 . 5
2 3 . 2
1 6 . 4
3 . 0
3 . 0
M a x .
1 4 . 0
1 5 . 0
2 5 6 . 0
4 7 0 . 0
1 5 5 . 0
2 6 0 . 0
8 . 3  
7 .9
0 . 6 2
7 . 2 5
0 . 0 8
0 . 2 8
0 . 0 1
0 . 0 2
3 . 8 1
2 1 . 4 2
3 . 0
3 9 . 0
3 . 0 5
1 6 . 0 0
1 . 1 5
3 . 5 0
5 5 . 0
9 6 . 0
5 . 2 0
4 . 0 0
2 . 4
6 . 1
1 1 7 . 6
1 0 5 . 9
3 0 . 3
5 . 9
Pr o b . 
0 . 5 9 6 2  
0 . 0 0 0 5  
0 . 0 0 2 4  
0 . 0 2 6 7  
0 . 0 0 0 1  
0 . 0 0 0 3
0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 0 5 2
0 . 0 1 9 6
0 . 0 4 1 2
0 . 0 5 2 0
0 . 7 9 2 3
0 . 0 0 0 1
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Table 5. (continued)
Zn
Ni
Mn
Co
Pb
Group
C o n t r o l
Exp.
C o n t r o l
Exp.
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l  
E x p .
N
10
14
10
14
10
14
10
14
10
14
Mean
1 6 . 0
8 . 5
3 . 2
5 . 2
1 2 . 4
3 1 . 2
1 . 6
2 . 2
7 . 8
1 0 . 9
S t d . 
D e v .
3 . 5
3 . 3
1 . 7
3 . 6
1 2 . 1
6 7 . 2
1 . 3
2 . 8
6 . 1
1 0 . 5
M i n .
7 . 1
3 . 8
1 . 8
1 . 8
1 . 5
1 . 5
0 . 9
0 . 9
2 . 5
2 . 5
M a x .
3 1 . 6
1 7 . 5
7 . 2
1 4 . 6
4 2 . 3  
2 5 6 . 0
5 . 1
1 1 . 8
2 3 . 7
4 5 . 4
P r o b .
F-
0 . 0 0 2 5  
0 . 0 2 7 4  
0 . 0 0 0 1  
0 . 0 2 5 8  
0 . 1134
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ta l subarea. These d ifferences are possibly the re su lt o f geology and 
may not be 'connected to land use.
Table 6 l is t s  the co rre la tion  data fo r these samples. S ign ifica n t 
po s itive  co rre la tions (alpha <0.05) were determined between n itra te  
and orthophosphate, n itra te  and ch lo ride , n itra te  and sodium, and 
n itra te  and potassium; also between orthophosphate and ch lo ride , 
orthophosphate and sodium, orthophosphate and potassium; and also 
between sodium and ch lo ride . P ositive co rre la tions between the 
nu trien ts  w ith sodium and/or ch loride (Table 6 and Figures 10 and 11) 
imply a mutual source of animal or human feces. Enrichment of chlo­
ride  and sodium over the other n u tr ie n t leve ls o f some springs may be 
caused by contamination by s a lt  blocks. Enrichment o f orthophosphate 
in some springs over n itra te , ch lo ride  and sodium may be caused by 
a r t i f i c ia l  f e r t i l iz e r s  or laundry detergent leaching in to  the aquifer.
Positive  co rre la tions  (Table 6) are present between the nu trien ts  
(n it ra te , orthophosphate and potassium) and may o rig ina te  from animal 
waters. These co rre la tions  support the hypothesis of organic material 
leaching in to  the groundwater and generating increased carbonic acid 
a c t iv ity .
Spring Sampling Period
The spring seasonal study included resampling 24 of the o rig ina l 
48 springs on A p ril 28 and A p ril 30, 1987. This sample set was ana­
lyzed fo r the same parameters as the Summer-Fall sample set and also 
fo r  fecal co lifo rm  and fecal streptococcus bacteria (Table 7). S ta t­
is t ic a l analysis o f the data from th is  sample set was performed as
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Table 6. Pearson corre lation coeffic ients  (upper numbers) and 
corresponding alpha values (lower numbers).
S p e c i f i c
Conduc tance
pH
A l k a l i n i t y
NO3
PO4
n h 3
C l
SO4
Na
K
Ca
Mg
Cd
Fe
Cu
Zn
N i
Mn
Co
Pb
L in e
0 . 24245
0 .2537
-0 .4 6 2 2 0
0 .0230
-0 .0 0 0 3 7
0 .9986
0.34951
0 .0941
0 .35726
0 .0865
0 .11342
0 .5977
0 .34917
0 .0945
0 .24449
0 .2496
0 .39107
0 .0588
0 .09542
0 .6574
0 .15385
0 .4729
-0 .0 4 7 7 6
0 .8246
-0 .3 9 7 1 5
0 .0546
-0 .3 6 3 6 7
0 .0807
0 .03332
0 .8772
0 .14073
0 .5119
-0 .2 2 0 8 8
0 .2997
-0 .2 4 6 3 4
0 .2459
-0 .2 0 6 2 0
0 .3337
-0 .1 8 6 1 1
0 .3839
0 .06625
0 .7584
TEMP
-0 .4 5 1 2 1
0 .0269
0 .87465
0 .0001
0 .62215
0 .0012
0 .5 45 6 6
0 .0058
0 .14128
0 .5102
0 .48520
0 .0162
0 .50808
0 .0113
0 .49798
0 .0133
0 .63849
0 .0008
0 .97035
0 .0001
0 .01115
0 .9588
0 .28219
0 .1816
-0 .0 7 3 9 4
0 .7313
-0 .2 8 5 4 5
0 .1764
-0 .3 5 9 5 9
0 .0844
0 .54958
0 .0054
0 .40045
0 .0525
0 .31254
0 .1370
0 .28476
0 .1774
-0 .0 1 1 8
0 .9557
SPC
-0 .3 2 3 5 7
0 .1 23 0
-0 .1 6 5 9 3
0 .4384
-0 .1 9 9 6 6
0 .3 49 6
-0 .0 8 6 5 5
0 .6876
-0 .3 8 8 8 3
0 .0 60 4
-0 .3 2 4 9 1
0 .1213
-0 .3 8 6 2 3
0 .0623
-0 .3 1 8 9 6
0 .1287
-0 .3 8 3 6 7
0 .0642
0 .08890
0 .6795
-0 .1 5 7 6 3
0 .4 62 0
0 .01091
0 .9596
0 .0 75 5 5
0 .7 25 7
-0 .3 7 2 6 2
0 .0 72 9
-0 .1 9 4 4 4
0 .3626
-0 .2 4 6 3 8
0 .2458
-0 .3 3 7 7 0
0 .1066
-0 .3 5 5 0 5
0 .0887
0 .21296
0 .3177
PH
0 .4 29 7 6
0 .0361
0 .4 11 7 3
0 .0 45 6
0 .19320
0 .3 65 7
0 .22318
0 .2 94 5
0 .15860
0 .4 59 2
0 .1 89 7 8
0 .3 74 4
0 .5 83 6 0
0 .0 02 8
0 .9 2 2 3 5
0 .0 00 1
- 0 .0 4 9 0 4
0 .8 2 0 0
0 .4 04 7 5
0 .0498
0 .00141
0 .9 94 8
-0 .2 5 5 5 6
0 .2 28 1
- 0 .2 7 0 4 9
0 .2 01 1
0 .7 48 0 0
0 .0 00 1
0 .65253
0 .0 00 6
0 .55088
0 .0053
0 .45995
0 .0 23 7
0 .01894
0 .9 3 0 0
ALK
0.47688
0 .0185
0 .02803
0 .8965
0 .41781
0 .0422
0 .19475
0 .3618
0 .41441
0 .0441
0 .4 9958
0 .0 12 9
0 .6 2089
0 .0012
- 0 .0 4 9 8 8
0 .8170
- 0 .2 8 5 2 0
0 .1 76 7
-0 .2 2 9 7 1
0 .2802
-0 .1 6 3 3 3
0 .4 45 7
- 0 .3 9 2 7 2
0 .0577
0 .08508
0 .6926
-0 .1 8 7 6 4
0 .3799
- 0 .1 4 7 3 6
0 .4920
-0 .2 3 4 0 7
0 .2710
-0 .1 6 8 9 1
0 .4301
NO 3
C o r r e l a t i o n  C o e f f i c i e n t  
P ro b .  [R ]
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Table 6. (continued)
NH3
C l
SO4
Na
K
Ca
Mg
Cd
Fe
Cu
Zn
Mi
Mn
Co
Pb
L im e
0 .5 7 9 0 5
0 .0 0 3 0
0 .4 3 2 2 6
0 .0 3 4 9
0 .1 9 8 1 8
0 .3 5 3 2
0 .4 2 3 9 4
0 .0 3 9 0
0 .5 8 1 8 3
0 .0 0 2 9
0 .5 4 3 2 6
0 .0 0 6 1
- 0 .0 8 1 9 7
0 .7 0 3 4
- 0 .0 3 8 6 2
0 .8 5 7 8
- 0 .3 8 0 3 4
0 .0 6 6 7
- 0 .1 9 4 3 4
0 .3 6 2 8
- 0 .4 5 2 6 5
0 .0 2 6 3
0 .0 6 5 9 5
0 .7 5 9 5
- 0 .0 1 4 4 4
0 .9 4 6 6
- 0 .1 3 3 8 1
0 .5 3 3 1
- 0 .0 0 2 4 0
0 .9 9 1 1
 0 .0 1 1 7 3  
0 .9 5 6 6
PO4
0 .0 25 7 3
0 . 9 0 50
-0 .0 9 6 0 7
0 .6 5 5 2
-0 .0 5 4 7 2
0 .7995
0 .0 20 8 3
0 .9 2 3 0
0 .2 21 0 3
0 .2 99 3
-0 .2 0 3 4 2
0 .3 4 0 4
0 .0 26 4 5
0 .9 0 2 4
- 0 .1 1 8 4 8
0 .5 8 1 4
-0 .1 2 0 7 2
0 .5 74 2
- 0 .1 6 1 2 3
0 .4 51 7
0 .2 5702
0 .2 25 3
0 .1 6702
0 .4 3 5 4
-0 .0 3 4 1 6
0 .8741
0 .0 2658
0 .9 0 1 9
-0 .0 2 3 4 9
0 .9 13 2
NH3
0 .4 5 0 2 9
0 .0 2 7 2
0 .9 7 8 0 4
0 .0 0 0 1
0 .3 2 6 7 4
0 .1 1 9 1
0 .3 8 6 1 8
0 .0 6 2 3
0 .0 26 5 3
0 .9 0 2 1
0 .1 8 5 6 6
0 .3 8 5 1
-0 .3 1 6 8 0
0 .1 3 1 5
- 0 .2 4 9 5 1
0 .2 3 9 7
- 0 .3 2 2 9 5
0 .1 2 3 7
- 0 .0 5 0 3 2
0 .8 1 5 4
-0 .0 4 1 1 6
0 .8 4 8 5
- 0 .0 2 0 3 2
0 .9 2 4 9
0 .0 7 2 7 6
0 .7 3 5 5
-0 .0 7 8 5 6
0 .7 1 5 2
CL
0 .5 5 2 0 2  
0 .0 0 5 2
0 .0 8 3 9 0
0 .6 9 6 7
0 .3 4 0 5 3
0 .1 0 3 5
0 .3 9 2 9 6
0 .0 5 7 5
-0 .1 4 9 6 0
0 .4 8 5 4
0 .1 1 2 8 1
0 .5 9 9 7
-0 .0 9 8 1 7
0 .6 4 8 1
- 0 .1 3 9 1 7
0 .5 1 6 6
0 .0 4 1 2 3
0 .8 4 8 3
- 0 .0 7 4 2 9
0 .7 3 0 1
-0 .1 1 2 5 1
0 .6 0 0 7
- 0 .0 6 0 3 6
0 .7 7 9 3
0 .2 2 2 0 9
0 .2 9 6 9
SO 4
0 .3 0 9 0 5
0 .1 4 1 7
0 .3 7 6 8 8
0 .0 6 9 5
0 .1 0 1 6 0
0 .6 3 6 6
0 .1 7 2 5 7
0 .4 2 0 0
- 0 .2 8 0 4 5
0 .1 8 4 4
- 0 .2 3 1 5 2
0 .2 7 6 4
- 0 .3 1 1 8 9
0 .1 3 7 9
- 0 .0 7 3 7 9
0 .7 3 1 8
- 0 .0 7 4 0 5
0 .7 3 0 9
- 0 .0 4 9 8 1
0 .3 1 7 2
0 .0 4 9 5 6
0 .8 1 8 1
-0 .0 4 4 2 2
0 .8 3 7 4
NA
0 .6 4 3 5 4
0 .0 0 0 7
- 0 .0 4 6 3 2
0 .8 2 9 8
0 .1 78 8 7
0 .4 0 3 0
- 0 .2 0 4 8 6
0 .3 3 6 9
-0 .2 1 2 9 4
0 .3 1 7 8
- 0 .2 9 5 4 6
0 .1 6 1 0
0 .2 97 0 2
0 . 1 587
0 .3 0 4 9 8
0 .1 4 7 3
0 .2 73 8 3
0 .1 9 5 4
0 .3 5 6 5 0
0 .0 8 7 3
- 0 .2 2 0 2 4
0 .3 01 1
K
-0 .1 4 0 3 3
0 .5131
0 .28061
0 .1841
-0 .0 2 3 8 3
0 .9 12 0
-0 .2 4 9 6 1
0 .2395
-0 .3 7 7 2 7
0 .0692
0 .61765
0 .0013
0 .4 5565
0 .0 25 2
0 .34754
0 .0961
0 .3 13 3 9
0 .1 35 9
-0 .1 0 0 6 2
0 .6399
CA
0 . 1 2 582
0 .5 5 8 0
- 0 .1 1 9 3 2
0 .5 7 8 7
0 .0 1 0 5 0
0 .9 6 1 2
0 .0 0 8 9
0 .9 6 7 1
-0 .0 0 2 3 1
0 .9 9 1 5
0 .0 4 0 9 4
0 .8 4 9 3
0 .0 3 4 4 5
0 .8 7 3 0
0 .0 0 2 8 0
0 .9 8 9 7
0 .6 1 8 4 9
0 .0 0 1 3
MG
C o r r e l a t i o n  C o e f f i c i e n t  
P ro b .  [ R]
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Table 6. (continued)
Fe
Cu
Zn
N i
Mn
Co
Pb
L in e
0 .2 3 0 9 0
0 .2771
- 0 .2 0 3 5 0
0 .3 4 0 2
0 .09S 33
0 .6 4 7 6
0 .5 5 9 3 7
0 .0 0 4 5
0 .7 9 9 3 8
0.0001
0 .8 1 2 7 2
0.0001
0 .7 5 0 2 3
0.0001
0 .1 6 5 3 9
0 .4 3 9 9
CD
0 .1 4 5 3 7
0 .4 9 7 9
0 .3 7 2 0 9
0 .0 7 3 4
0 .4 3 6 6 5
0 .0 3 2 9
0 .2 6 7 2 4
0 .2 0 6 8
0 .2 3 5 2 7
0 .2 6 8 4
0 .1 85 7 5
0 .3 8 4 9
-0 .0 7 0 1 5
0 .7 4 4 6
FE
0 .1 3 3 5 4
0 .5 3 3 9
- 0 .1 6 9 7 6
0 .4 2 7 7
- 0 . 1 4 8 8 4
0 .4 8 7 6
- 0 .1 9 5 1 1
0 .3 6 0 9
0 .2 3 1 0 5
0 .2 7 7 4
- 0 . 0 7 3 7 7
0 .7 3 1 9
CU
0 .0 0 4 0 2
0 .9 8 5 1
0 .2 0 7 5 6
0 .3 3 0 5
0 .2 9 9 1 5
0 .1 5 5 6
0 .2 1 8 5 4
0 .3 0 4 9
0 .0 0 0 7 9
0 .9 9 7 1
ZN
0 .8 2 3 1 0
0.0001
0 .7 0 1 8 4
0.0001
0 .6 1 4 4 4
0 .0 0 1 4
0 .1 1 2 2 3
0 .6 0 1 6
NX
0 .9 0 6 6 3
0.0001
0 .8 3 5 3 9
0.001
0 .0 5 5 1 5
0 .7 9 8 0
MN
0 .7 9 7 5 7
0.0001
0 .0 8 9 2 0
0 . 6 7 8 5
CO
- 0 .0 6 5 7 8
0 .7 6 0 1
PB
C o r r e l a t i o n  C o e f f i c i e n t  
P r o b .  [R]
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Figure 10. N itra te  versus sodium fo r  the w in te r sampling period.
45
Figure 11. Orthophosphate versus ch loride fo r the w in te r sampling 
period.
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S p r in g
1
2
3
7
11
12
13
18
20
22
25
30
33
34 
37 
46
49
50
51 
56
C o n t r o l  
o r  E xp .  
S p r i n g
e
e
e
e
e
c
e
c
e
c
c
c
c
c
c
e
e
e
e
e
T e m p e ra tu r e
i n
C e n t i g r a d e
1 5 .0
1 5 .5
1 7 .0
1 4 .5
1 7 .5
1 3 .5
1 7 .5
1 3 .0
1 6 .0
1 4 .0
1 4 .5
1 4 .0
1 3 .5
1 2 .5
1 4 .0
1 6 .0
1 5 .5
1 3 . 5
1 7 .0
1 6 .0
A l k a l i n i t y  
i n  mg / L  as 
CaCO
190 .0  
1 7 2 .5
1 7 0 .0
1 8 5 .0
1 8 5 .0
1 3 0 .0
1 3 5 .0
1 4 0 .0
1 7 5 .0
1 4 5 .0
1 5 7 .0
1 3 5 .0
1 3 0 .0
1 1 5 .0
1 2 0 .0
1 6 5 .0
1 4 0 .0
1 2 2 .0
2 1 5 .0
1 8 5 .0
S p e c i f i cc C o n d u c ta n c e
295
298
275
361
322
165
208
165
309
190
198
162
140
143
162
292
218
253
379
265
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S p r in g
1
2
3
7
11
12
13
18
20
22
25
30
33
34 
37 
46
49
50
51 
56
PH
7 . 0
7 .2  
7 . 4  
6 . 6
7 .3
7 .1
7 .1
7 .2
7 .3
7 . 4
7 . 4
7 .3
7 .1
7 . 5
7 . 6  
6 . 8
7 .4
7 . 2
7 .6
7 . 6
N i t r a t e  
i n  m q/L  
as N
5 .3 0  
5 .8 4  
1 .9 0  
4 .4 0  
1 .3 5  
0 .0 5  
1 .5 8  
0 .0 5
3 .2 0  
0 .0 5  
0 .0 5  
0 .0 5  
0 .0 5  
0 .0 5  
0 .0 5
4 .2 0  
1 .6 0  
2 .1 0  
5 .0 0
2 .3 0
P h o sp h a te  
i n  mq/L  
 as PQ4
0 .0 7
0 .1 9
0 .0 7
0 .1 7
0 .0 8
0 .0 5
0 .0 4
0 .0 3
0 .0 8
0 .0 4
0 .0 7
0 .0 4
0 .0 3
0 .0 7
0 .0 5
0 .1 2
0 .1 1
0 .0 8
0 .0 7
0 .1 2
Ammonia 
i n  m q /L  
as N
0 .0 1
0 . 0 1
0 . 0 4
0 .0 3
0 .0 2
0 . 0 1
0 .0 1
0 . 0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0 . 0 4
0 .0 1
1 .0 1
0 .0 1
C h l o r i d e  
i n  mg/1
5 .3 6
9 .3 7
6 .0 5  
1 6 .5 8
5 .2 6
2 .3 7  
5 .53
2 .6 3
8 .9 5
1 .0 5  
3 .6 8
1 .05  
1 .5 8
1 .05  
2 .8 9
7 .3 7  
4 .7 4
2 .63
3 .95  
3 .1 6
Table 7. Data fo r  the spring sampling period. e = experimental 
and c = c o n tro l .
Table 7. (continued)
S p r in g
1
2
3
7
11
12
13
18
20
22
25
30
33
34 
37 
46
49
50
51 
56
S u l f a t e
I n  m g/L  " F e c a l  Col i f o r m ” 
as S i n  C o lo n ie s / 1 0 0  m l
" F e c a l  S t r e p "  i n  
C o l o n i e s / 1 0 0  m l 
25 
27 
2 
39 
153 
0
4 
1 
3 
1 
1 
0 
1 
3
15
5 
3 
0
205
6
D is t a n c e  t o  
L in e a m e n t  i n  
m e te rs  
38 
308 
538 
2462 
38 
38 
1077 
1923 
770 
1462 
38 
38 
308 
462 
154 
38 
38 
462 
1108 
615
3 .0
3 .0
3 .0
3 7 .0
1 7 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
3 .0
1 2 .0
3 .0
3 .0
3 .0
3 .0
100
93
45
18
195
1
52
1
54
0
1
0
0
0
0
108
33
18
2
308
S p r in g
1
2
3
7
11
12
13
18
20
22
25
30
33
34 
37 
46
49
50
51 
56
Sodium
i n
mg/L
4 .2
4 .2
3 .6  
1 4 .5
5 .2
1 .6
3 .2
1 .7
5 .5  
2 .1  
2 .0
1 .6  
1 .6  
1 .6  
2 .5
5 .7
3 .8
3 .4  
5 .0
3 .4
P o ta s s iu m  
i n  m g/L  
0 .8 6  
1 .7 5
1 .3 5
1 .3 5  
1 .6 0  
0 . 6 0
1 .4 5  
0 .5 0  
0 .9 5  
0 .6 0  
0 .4 2  
0 .6 0  
0 .7 0  
0 . 7 9  
0 .8 6  
1 .8 3  
2 .0 0
1 .4 5  
2 .2 5
1 .4 5
C a lc iu m  
i n  m g/L  
62 
63 
59 
52 
62 
40 
45 
40 
66 
44 
44 
40 
40
38
39
59 
44
60 
80 
62
Magnesium
i n  mg/L 
1 . 4 5 
2 .0 0
1 .3 0  
4 .1 0  
3 .60  
1 .75
1 .5 0  
 1 .6 0
1 .30
1 .7 0  
1 .0 0  
1 .2 0  
2 .9 0
3 .8 0  
3 .0 0
2 .5 0  
1 .55  
1 .6 5
1 .8 0
1 .7 0
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above. The experimental subarea had higher mean concentrations of 
n itra te  (Figure 12), orthophosphate, ch lo ride , sodium and potassium, 
as well as fecal co lifo rm  (Figure 13) and Streptococci (Figure 14) 
than did the control subarea (Table 8). The most probable conclusion 
is  tha t the a g ricu ltu ra l practices in the experimental subarea are the 
sources fo r these elevated concentrations. Although one might expect 
a co rre la tion  between high bacteria  counts and high n u tr ie n t concen­
tra tio n s  and the bacteria  counts, none was present. Nevertheless, the 
high l evels o f bacteria in the groundwater of the experimental subarea 
are ind ica tive  o f fecal p o llu tio n  which can be a ttr ib u te d  to f e r t i l i ­
zation w ith chicken wastes because chicken wastes are the dominant 
form o f animal waste in the subarea. The bacteria concentrations are, 
however, p o s itiv e ly  corre lated to temperature, to ta l a lk a lin ity ,  spe­
c i f ic  conductance and calcium, supporting the hypothesis tha t an 
increase of organic material produces increased carbonic acid. Other 
s ig n if ic a n t co rre la tions include n itra te  and orthophosphate, n itra te  
and ch lo ride , n itra te  and sodium and n itra te  and potassium, orthophos­
phate and ch lo ride , orthophosphate and ch lo ride , orthophosphate and 
sodium and orthophosphate and potassium, and ch loride and sodium 
(Table 9). Nutrients p o s itiv e ly  correlated w ith e ith e r ch loride or 
sodium which ind icates probable s a lt contamination, especia lly  i f  the 
absolute values of sodium and chloride are high.
Although only calcium had s ig n if ic a n tly  higher leve ls in the 
groundwater o f the experimental subarea re la tiv e  to tha t of the con­
tro l area, pos itive  co rre la tions  e x is t between a ll the inorganic pol-
49
(Concentrations o f N itrate as Nitrogen)
Figure 12. D is tr ib u tio n  o f n itra te  concentrations fo r  the 
spring sampling period.
50
(Concentrations in Colomes/100 milliliters)
Figure 13. D is trib u tio n  of fecal co lifo rm  concentrations fo r  
the spring sampling period.
51
(Concantrations as Colonies /100  m ill i l iters)
Figure 14. D is trib u tio n  of fecal Streptococci concentrations 
fo r  the spring sampling period.
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Table 8. Data fo r  the t - te s ts  fo r  the w inter sampling period.
T e m p e ra tu re
S p e c i f i c
C o n d u c ta n c e
A l k a l i n i t y
pH
n o 3
PO4
n h 3
C l
SO4
" F e c a l
C o l i f o r m"
" F e c a l
S t r e p t o c o c c u s "
Na
K
Ca
Mg
Group
C o n t r o l
Exp .
C o n t r o l  
E x p .
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l  
E x p .
C o n t r o l  
E x p .
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l
Exp .
C o n t r o l
Exp.
C o n t r o l  
E x p .
C o n t r o l  
E x p .
C o n t r o l
Exp.
N
3
12
8
12
3
12
8
12
8
12
3
12
8
11
3
12
8
12
8
12
8
12
8
12
8
12
8
12
8
12
Mean
1 3 .6  
1 5 .9
1 6 5 .6
2 8 9 .6
1 3 4 .0
1 7 0 .0
7 .3  
7 .2
0 .0 2
3 .2 3
0 .0 5
0 .1 0
0 .0 1
0 .0 2
2 .0 4  
6 .5 8
2 .1  
6 . 8
0 .4
8 6 .3
2 .6
3 9 .3
1 .8
5 .1
0 . 6
1 .5
4 0 .6  
5 9 .5
2 .1  
2 .0
S t d .  
2 e v .
0 . 6
1 .2
2 0 .1
5 1 .0
1 3 .5
2 6 .2
0 .2
0 .3
0 .0 1
1 .63
0 .0 2
0 .0 4
0 .0 0
0 .0 1
1 .0 0
3 .77
0 .8
1 0 .8
0 .5
8 8 .0
5 .0  
6 7 .3
0 .3
3 .1
0 .1
0 .4
2 .2  
9 .5
1 .0
0 .9 0
M in .
1 2 .5
13 .5
1 4 0 .0
2 0 8 .0
1 1 5 .0
1 2 2 .0
7 .1  
6 .6
0 .0 3
1 .35
0 .0 3
0 .0 4
0 .0 1
0 .0 1
1 .05  
2 .63
3 .0
3 .0
0 . 0
2 .0
0 . 0
0 . 0
1 .6
3 .2
0 .4
0 .9
38 .0
4 4 .0
1 . 0
1.3
Max.
1 4 .5
1 7 .5
1 98 .0
3 7 9 .0
1 5 7 .0
2 1 5 .0
7 .6
7 .6
0 .0 5
5 . 8 4
0 .0 7
0 .1 9
0 .0 1
0 .0 4
3 .68
1 6 .58
3 .0  
 3 7 .0
1 . 0
3 0 8 .0
1 5 .0
2 0 5 .0
2 .5
14 .5
0 .9
2 .3
4 4 .0
8 0 .0
3 . 8 
4 .1
P ro b .
F
0 .0 9 7 9
0 .0 2 1 2
0 .0 88 5
0 .2 0 0 9
0 . 0 0 1
0 .0 1 2 0
0 .0 0 1 9
0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 0 0 1
0 . 00 01
0 .0 1 3 0
0 .0 0 0 7
0 .7 7 5 2
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Table 9. Pearson corre la t ion  coe f f ic ien ts  (upper numbers) and 
corresponding alpha values (lower numbers).
S p e c i f i c
C o n d u c t ­
ance
pH
A l k a ­
l i n i t y
NO3
PO4
NH3
C l
SO4
Na
K
Ca
Mg
" F e c a l
C o l i f o r m "
" F e c a l
S t r e c "
L in e
0 .6 6 5 2 1
0 .0 0 1 4
20
0 .0 5 9 4 0
0 .8 0 3 5
20
0 .6 5 9 1 6
0 .0 0 1 6
20
0 .4 8 8 5 7
0 .0 2 8 8
20
0 .2 5 5 4 3
0 .2 7 7 1
20
0 .4 1 6 6 4
0 .0 7 6 0
19
0 .3 7 6 1 4
0 .1 0 2 2
20
0 .1 1 7 5 3
0 .6 2 1 7
20
0 .2 9 9 6 8
0 .1 9 9 3
20
0 .6 8 3 2 1
0 .0 0 0 9
20
0 .6 5 8 0 8
0 .0 0 1 6
20
- 0 . 1 6 3 3 9
0 .4 9 1 3
20
0 .5 1 9 6 9
0 .0 1 8 8
20
0 .4 9 7 5 2
0 . 0 2 56
20
- 0 .0 7 1 6 4
0 .7 6 4 1
20
TEMP
- 0 .2 3 5 9 9
0 .3 1 6 5
20
0 .8 8 3 6 0
0 .0 0 0 1
20
0 .8 5 4 3 5
0 .0 0 0 1
20
0 .6 2 2 9 4
0 .0 0 3 3
20
0 .5 1 6 2 7
0 .0 2 3 6
19
0 .7 0 8 3 6
0 .0 0 0 5
20
0 .4 7 7 8 3
0 .0 3 3 1
20
0 .7 4 4 2 3
0 .0 0 0 2
20
0 .6 9 4 7 9
0 .0 0 0 7
20
0 .8 9 8 9 5
0 .0 0 0 1
20
0 .0 9 2 0 8
0 .6 9 9 4
20
0 .4 0 9 6 9
0 .0 7 2 8
20
0 .6 1 6 1 0
0 .0 0 3 8
20
0 .2 2 7 6 3
0 .3 3 4 4
20
SPC
- 0 .0 8 0 5 8
0 .7 3 5 6
20
- 0 .3 5 4 8 7
0 .1 2 4 7
20
- 0 .3 1 3 4 9
0 .1 7 8 3
20
- 0 .4 3 4 9 8
0 .0 6 2 7
19
-0 .6 0 9 5 5
0 .0 0 4 3
20
- 0 .6 3 1 6 9
0 .0 0 2 8
20
- 0 .5 8 2 7 5
0 .0 0 7 0
20
- 0 .0 0 8 7 8
0 .9 7 0 7
20
0 .0 3 2 8 6
0 .8 9 0 6
20
-0 .2 5 9 3 2
0 .2 6 9 6
20
0 .0 6 6 5 5
0 .7 8 0 4
20
0 .1 8 6 1 8
0 .4 3 1 9
20
-0 .2 6 5 2 3
0 .2 5 8 4
20
PH
0 .7 4 5 5 0
0 .0 0 0 2
20
0 .4 6 7 4 1 3
0 .0 3 9 3
20
0 .4 0 7 6 1
0 .0 8 3 2
19
0 .5 2 9 8 4
0 .0 1 6 3
20
0 .3 2 6 2 7
0 .1 6 0 3
20
0 .5 5 3 5 1
0 .0 1 1 3
20
0 .4 9 8 4 6  
0 .0 2 5 3  
20
0 .8 3 5 4 7
0 .0 0 0 1
20
-0 .0 4 3 6 5
0 .8 5 5 0
20
0 .4 9 9 3 9
0 .0 2 5 0
20
0 .6 3 8 6 7
0 .0 0 2 4
20
0 .1 8 8 0 6
0 .4 2 7 2
20
ALK
0 .7 0 5 4 6
0 .0 0 0 5
20
0 .3 4 3 8 7
0 .1 4 9 4
19
0 . 6 8 1 8 5
0 .0 0 0 9
20
0 .2 7 8 4 4
0 .2 3 4 5
20
0 .6 1 7 0 9
0 .0 0 3 7
20
0 .6 5 6 0 8
0 .0 0 1 7
20
0 .8 0 4 1 6
0 .0 0 0 1
20
0 .0 1 1 2 1
0 .9 6 2 6
20
0 .3 3 9 5 5
0 .1 4 3 0
20
0 .3 7 5 2 5
0 .1 0 3 0
20
0 .1 1 5 9 4
0 .6 2 6 4
20
HO 3
0 .3 3 3 1 6
0 .1 6 3 4
19
0 .7 4 6 9 1
0 .0 0 0 2
20
0 .4 9 6 4 1
0 .0 2 6 0
20
0 .6 6 6 6 9
0 .0 0 1 3  
20 
0 .5 7 5 2 7
0 .0 0 8 0
20
0 .4 4 5 2 1
0 .0 4 9 2
20
0 .2 7 1 5 5
0 .2 4 6 8
20
0 .4 0 4 0 9
0 .0 7 7 2
20
0 .0 9 6 9 7
0 .6 8 4 2
20
0 .0 9 1 0 9
0 .7 0 2 5
20
PO4
0 .5 0 6 1 2
0 .0 2 7 0
19
0 .5 3 5 0 0
0 .0 1 8 3
19
0 .5 2 3 8 2
0 .0 2 1 3
19
0 .4 1 9 5 7
0 .0 7 3 7
19
0 .3 4 6 8 8
0 .1 4 5 7
19
0 .2 5 6 2 7
0 .2 8 9 6
19
0 .1 3 3 6 4
0 .5 8 5 5
19
0 .1 7 8 3 7
0 .4 6 5 0
19
0 .1 2 2 1 9
0 .6 1 8 2
19
NH3
C o r r e l a t i o n  C o e f f i c i e n t  
P ro b .  [R] 
O b s e r v a t i o n s
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Table 9. (continued)
SO4
Na
K
Ca
Mg
" F e c a l
C o l -
i f o r m "
" F e c a l
S t r e p "
L in e
0 . 7 3 3 20
0 .0 0 0 2
20
0 .9 11 0 3
0 .0 00 1
20
0 .3 9 9 6 1
0 .0 8 0 9
20
0 .3 98 6 1
0 .0 8 1 7
20
0 .2 91 8 1
0 .2 1 1 9
20
0 .1 5 4 5 5
0 .5 1 5 3
20
0 .1 2 5 2 8
0 .5 9 8 7
20
0 .4 0 4 1 5
0 .0 7 7 2
CL
0 .8 7 8 5 1
0 .0 0 0 1
20
0 .2 0 1 9 0
0 .3 9 3 3
20
0 .0 9 0 2 3
0 .7 0 5 2
20
0 .6 6 6 9 2
0 .0 0 1 3
20
0 .1 0 5 5 6
0 .6 5 7 8
20
0 .2 4 3 1 0
0 .3 0 1 7
20
0 .4 6 8 6 3
0 .0 3 7 1
S04
0 .4 3 0 7 8
0 .0 5 7 9
20
0 .4 0 9 4 8
0 .0 7 3 0
20
0 .4 5 5 3 4
0 .0 4 3 7
20
0 .1 49 0 1
0 .S 307
20
0 .2 9 0 2 0
0 .2 1 4 5
20
0 . 50721
0 .0 2 2 4
NA
0 .6 7 3 9 2
0 .0 0 1 1
20
0 .1 1 0 1 8
0 .6 4 3 8
20
0 .3 7 3 4 7
0 .1 0 4 8
20
0 .5 3 4 2 6
0 .0 1 5 2
20
. -0 .0 1 7 7 2
0 .9 4 0 9
K
- 0 .1 2 4 2 5
0 .6 0 1 7
20
0 .4 7 0 9 0
0 .0 3 6 1
20
0 .6 1 5 6 9  
 0 .0 0 3 9  
20
0 .0 2 8 0 3
0 .9 0 6 6
CA
0 .0 4 2 7 9
0 .8 5 7 9
20
0 .2 6 3 0 1
0 .2 6 7 2 6
20
0 .1 9 2 7 2
0 .4 1 5 6
MG
0 .1 63 4 7
0 .4 9 1 0
20
- 0 .1 9 5 9 4
0 .4 0 7 7
FCOL
0 .0 8 7 9 9
0 .7 1 2 2
STRP
C o r r e l a t i o n  C o e f f i c i e n t  
P ro b .  [ R ] 
O b s e r v a t i o n s
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lu tants with calcium and to ta l a lk a l in i t y  (Table 9). These corre la­
tions support the afore mentioned theory of organic material increas­
ing the a c t iv i ty  of carbonic acid in the groundwater of the experimen­
ta l area. This a c id if ic a t io n  of the groundwater by carbonic acid may 
also be indicated by the ind iv idual negative corre la tions of concen­
tra t ions  of su lfa te , chloride and sodium (also associated with organ­
ics) to pH (Table 9).
Rain Event Collection
Three springs (two experimental and one contro l) were sampled 
before and a f te r  a rain event of approximately 10 cm tha t occurred on 
June 23, 1987. The purpose of th is  sampling was to determine changes 
in the chemistry and microbiology of spring water as a re su lt  of a 
major rain event. These samples, collected approximately one week 
p r io r  and 8, 11, 14, 32 and 56 hours a f te r  the in i t i a t io n  of the ra in , 
were analyzed fo r  the general water qua li ty  parameters as well as 
fecal co liform .
Steele et a l . (1985), in a study of four springs in Northwest 
Arkansas, determined that chemical parameters f a l l  in to three catego­
r ies : 1) parameters that decrease in value a fte r  the rain event 
because of d i lu t io n  by the recharge water (sp ec if ic  conductiv ity , 
to ta l a lk a l in i t y  and calcium), 2) parameters that increase in value 
a f te r  a ra in event because of recharge water flush ing ions from the 
surface in to the subsurface (potassium, ammonia and orthophosphate), 
and 3) parameters that exhi b i t  decreasing and/or increasing values 
a fte r a ra in event depending on the a v a i la b i l i t y  of the ions on the
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surface (n i t ra te ,  ch loride, sodium and magnesium).
Results of the rain analysis can be seen in Table 10. Most of the 
elements behaved as indicated by Steele et a l . (1985). Specific con­
ductance, n i t ra te ,  sodium and calcium a l l  decrease in concentrations 
ind ica ting  d i lu t io n  e ffec ts  from recharge water and/or lack of a 
nearby surface source fo r these ions, especially fo r  the experimental 
springs. The springs showed minimum values fo r  these parameters at 
approximately 8-12 hours a f te r  the in i t ia t io n  of the ra in (e .g .,  Fig­
ure 15). Orthophosphate, fecal co liform , su lfa te  and potassium 
increased in values, reaching maximum values 8-12 hours a f te r  the i n i ­
t ia t io n  of rain because these parameters were flushed in to the aquifer 
from a nearby surface source (e .g .,  Figure 16). As expected, the con­
centrations o f these parameters increased subs tan tia l ly  in the exper­
imental springs compared with the control spring. Nonetheless, an 
unexpectedly high level of fecal coliform was detected in the control 
spring. Chloride and magnesium both decreased suddenly in value and 
then increased in value to above the or ig ina l background leve l,  per­
haps as the re su lt  of a v a i la b i l i t y  of these ions on the surface (e .g .,  
Figure 17). Although fecal coliform had considerably lower colony 
counts fo r  the control spring re la t ive  to the experimental springs, 
the bacteria was highly concentrated in a l l  three springs. Although 
n i t ra te  and sodium both may have a fecal source, no corre la t ion  exists 
between fecal coliform  counts and the concentration of e ither of these 
two ions.
Comparisons between the three springs (Table 10) resulted in gen-
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Figure 15. Hydrograph o f n itra te  concentrations fo r  the ra in 
event.
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Figure 16. Hydrograph o f fecal co lifo rm  concentrations fo r  the 
ra in  event.
59
Figure 17. Hydrograph o f ch lo ride  concentrations fo r  the ra in 
event.
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Table 10. Data fo r  the ra in  event. e = experimental and c = 
c o n t ro l .
S p r i n g
C o n t r o l  
o r  E x p .
T i me i n  H ou rs  
a f t e r
R a in  i n i t i a t e d S p e c i f i c  C o n d u c ta n c e
2
2
2
2
2
18
18
18
18
18
18
20
20
20
20
20
20
e
e
e
e
e
c
c
c
c
c
c
e
e
e
e
e
e
0 .0 0
8 .3 0
1 1 .0 0
1 4 .3 0
3 2 .0 0
5 6 .0 0  
0 .0 0
9 .0 0  
1 1 .6 0
1 4 .8 0
3 2 .0 0
5 6 .0 0  
0 .0 0
8 .0 0
1 0 .0 0
1 3 .8 0
3 2 .0 0
5 6 .0 0
312
110
220
248 
275 
285 
178
45
35
75
92
130
292
249 
208 
229 
290 
305
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S p r i n g
2
2
2
2
2
2
18
18
18
18
18
18
20
20
20
20
20
20
P h o s p h a te  
F e c a l  C o l i f o r m  
i n  C o lo n i e s / 1 0 0  ml 
80 
14400.
10000
10000
5600
1400
1
4800
4000
3200
600
176
50
10000
4000
3200
800
260
P h o s p h a te  
i n  m g /L  
as P04
0 . 1 7
4 .1 2  
0 . 8 7  
0 .8 2  
0 . 5 0  
0 .3 4  
0 . 0 2  
0 . 0 9  
0 . 0 7  
0 .0 3  
0 .0 1  
0 .0 5  
0 .0 7  
0 .8 9
1 .1 2  
0 .5 7  
0 . 2 3  
0 . 1 7
N i t r a t e  
i n  mg/L  
as N
5 .9 0
0 .6 5
5 .6 0
5 .5 5
6 .1 5
6 .5 0
0 .0 5
0 .0 5
0 .0 5
0 .0 5
0 .0 5
0 .0 5
3 .1 0  
2 .45
2 .1 0
2 .3 0
3 .3 0  
3 .7 0
Table 10. (continued)
S p r i n g
2
2
2
2
2
2
18
18
18
18
18
18
20
20
20
20
20
20
S p r i n g
2
2
2
2
2
2
18
18
18
18
18
18
20
20
20
20
20
20
C h l o r i d e  
i n  mg / L  
6 . 9 0  
6 . 9 4  
3 . 3 3  
4 . 4 4  
8 . 3 9  
3 . 6 1  
1 . 4 3  
0 . 5 5  
0 . 8 3  
0 . 8 3  
0 . 5 6  
0 . 8 3
5 . 0 0  
5 . 2 0  
3 . 8 9
3 . 0 0  
4 . 7 0  
3 . 8 0
P o t a s s i u m  
i n  mq/ L 
1 . 8 0  
1 . 3 0  
3 . 1 5  
2 . 7 0  
2 . 8 0   
2 . 3 5  
0 . 4 2  
0 . 8 6  
0 . 8 0  
0 . 6 0  
0 . 6 0  
0 . 6 0  
0 . 9 5  
4 . 2 0  
8 . 0 0  
7 . 6 0  
2 . 8 0  
1 . 9 5
S u l f a t e  
i n  mq/L
3 .0
3 .0
3. 0
3 .0
4 . 5
3 .0
3 .0
3 . 0
3 .0
3. 0
3 . 0
3 .0
3 .0
3 .0
3 .0
5. 5
3 .0
3 .0
C a l c i u m  
i n  mq/L
7 4 . 0
2 1 . 5
5 2 . 0
5 4 . 0
6 1 . 0  
6 6 . 0
4 6 . 0  
2 . 8  
2 .2
2 8 . 0
3 1 . 0
3 7. 5
7 3 . 0
5 4 . 0
4 3 . 0
4 4 . 0
6 7 . 0
6 9 . 0
Sod ium 
i n  mq/L
5 . 0 0  
3 . 2 0  
4 . 3 0  
5 . 1 0
6 . 4 0
5 . 7 0  
1 . 6 0  
0 . 2 5  
0 . 4 0
1 . 1 5
1 . 1 5  
1 . 8 0
5 . 7 0  
3 . 6 0
3 . 0 0
3 . 4 0
4 . 4 0  
4 . 8 0
Magnes ium
i n  m q/ L  
2 . 6 0  
2 . 0 5  
4 . 7 5  
6 . 2 0
5 . 3 0  
4 . 2 0  
1 . 6 0  
0 . 6 9  
0 . 6 0
2 . 3 0  
2 . 1 0
3 . 3 0
1 . 3 0  
1 . 6 0  
1 . 8 0  
2 . 2 5  
2 . 6 0  
2 . 4 5
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e ra lly  pa ra lle led  hydrographs fo r a ll parameters (only the in te n s ity  
of the deviation from the background values d iffe re d , the time and 
d ire c tio n  of the change was approximately the same). Spring 2 (exper­
imental) cons is ten tly  exh ib ited the greatest range of change fo r each 
parameter. This e ffe c t could be the re s u lt o f the proxim ity of the 
spring to a photo-lineament which would allow greater amounts of 
recharge water to flush  in and/or d ilu te  the parameters. The control 
spring (#18), although mimicking the response of the other two, con­
t in u a lly  had lower values and the least intense deviations of concen­
tra tio n s  as a re s u lt o f less po llu tan ts  in the so il and recharging 
surface water.
Wel l s
Although springs were u t i l iz e d  fo r th is  study, ten domestic wells 
(Figure 18) o f various depths were sampled during the summer-fall c o l­
le c tio n  period fo r general comparison to the spring water. The well 
samples were not used in any of the s ta t is t ic a l analyses. Because of 
the po ten tia l fo r contamination from the plumbing from the w e lls , 
water was run fo r  several minutes p r io r to sampling in order to flush 
the system. Q uality o f the well data was comprised at some s ites 
because of the reluctance of the owner to allow complete flush ing of 
the system. Table 11 l is t s  the wells sampled, subarea loca tion , owner 
reported depth, chemical concentrations, calcium/magnesium ra tios  and 
probable aqu ife r.
Some of the wells appear to be inadequately cased, allowing the 
wells to be contaminated from surface sources. Although no s ta t is t i -
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Figure 18. Location of sampled w e lls .
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Table 11. Data fo r  well water samples
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W e l l
24
27
29
38
39
40
41
42
54
55
C o n t r o l  
o r  Exp. 
c 
c  
c 
c 
c 
e 
e 
e 
e 
e
T e m p e ra tu re
18 .5
17 .5
1 9 .0
1 5 .5  
1 7 . 5
1 9 .0
2 1 .5
2 1 .0
1 7 .0
1 6 .0
S p e c i f i c  C onduc tance  
530 
525 
425 
215 
300 
345 
335 
358 
421 
395
w e l l
24
27
29
38
39
40
41
42
54
55
A l k a l i n i t y  
i n  m g/L  as 
CaCO3 
340 
375 
265 
140 
155 
170 
200 
190 
265 
190
PH
7 .2
8 . 4
7 .5
7 .5
7 .6
7 .3
7 .4
7 .4  
7 .8
7 .5
D e p th  o f  
W e l l  i n  
M e te r s  
31 
170 
154 
49 
57 
108 
46 
46 
185 
146
P ro b a b le  
A q u i f e r  
S t .  Joe -B o on e  
E v e r to n  
E v e r t o n  
S t .  Jo e -B o on e  
S t .  Jo e -B o on e  
S t .  Jo e -B o on e  
S t .  Jo e -B o on e  
S t .  Jo e -B o on e  
E v e r to n  
E v e r to n
Table 11. (continued)
w e l l
24
27
29
38
39
40
41
42
54
55
N i t r a t e  
i n  mg/L 
as N 
3 .40  
0 .0 5  
0 .1 0  
0 .05  
6 .55
3 .0 0
1 .00  
2 .00  
0 .15  
4 .6 0
P h ospha te  
i n  mg/L  
as PO4 
0 .3 6  
0 .0 5  
0 .0 7  
0 .0 5  
0 .0 4  
0 .1 2  
0 .0 2  
0 .0 4  
0 .0 2  
0 .0 2
Ammonia 
i n  mg/L 
as N 
0 .0 5  
0 .1 7  
0 .1 7  
0 .0 5  
0 .0 5  
0 .0 5  
0 .0 5  
0 .0 5  
0 .2 4  
0 .0 5
C h lo r i d e  
i n  mg/L 
22 .38  
5 . 9 5 
1 .43
2 .5 0  
8 .0 0
9 .0 0
3 .00
2 .00
3 .50  
3 .00
S u l f a t e  
i n  mg/L 
as S
3 .0
3 .0  
1 4 .0
7 .0
4 .0
3 .0
3 .0
6 .0
3 .0
9 .0
W e l l
24
27
29
38
39
40
41
42
54
55
Sodium
i n
mg/L
6 .7  
1 20 .0
1 8 .0
6 .0
4 .5
6 .7
3 .8  
3 .0
5 6 .0
2 6 .0
P o ta ss iu m  
i n  mg/L 
0 .5  
1 .8  
3.3 
0 .5  
0 .5  
0 .5  
0 .5  
0 .5  
3 .2  
0 .6
C a lc iu m  
i n  mg / L  
153 
18 
51 
26 
59 
66 
70 
76 
29 
47
Magnesium 
i n  mg/L 
0 .6 6  
0 .3 1  
0 .8 1  
0 .8 8  
0 .7 4  
0 .3 8  
0 .3 5  
.0 .25 
0 .6 5  
0 .7 9
C a lc ium /M agnes ium  
R a t io s  
231 .8  
58 .1  
6 3 .0  
29.5  
79 .7  
1 73 .7  
2 00 .0  
304 .0  
4 4 .6  
59 .5
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cal tests  were made, the n itra te  concentrations fo r well water from 
the two subareas are c le a rly  n o t as s ig n if ic a n t as fo r the springs 
(Table 11). Two shallow w ells  in the control areas contain re la t iv e ly  
high values of n itra te , possibly the re su lt o f contamination by nearby 
septic tanks. Deep wells in the experimental area have re la t iv e ly  low 
values o f n it ra te ,  probably because there is  more opportunity fo r 
d ilu t io n  by deeper groundwater and possibly because the less-permeable 
Chattanooga shale prevents contamination of the Everton Aquifer by 
surface contaminants. The calcium/magnesium ra tio s  ind ica te tha t most 
o f the well water is  from the Boone-St. Joe Aquifer fo r a ll o f the 
w e lls , despite the reported depths which would ind ica te  the Everton 
Formation as the water source fo r several o f the wells (Table 11).
CONCLUSIONS
The shallow Boone-St. Joe Aquifer, often used fo r domestic pur­
poses, is  p a r t ic u la r ly  susceptible to contamination from surface 
recharge water because of fractu res and so lu tion  openings in i t s  host 
rock. N itra te  and ch loride concentrations were cons is ten tly  deter­
mined to be s ig n if ic a n t ly  higher in the groundwater of the more 
in tensely farmed experimental subarea re la tiv e  to the control subarea. 
Orthophosphate, potassium and sodium were also determined to have 
higher leve ls  in the experimental subarea fo r w inter and spring co l­
le c tio n  periods. Fecal co lifo rm  and fecal Streptococci were analyzed 
fo r the spring co lle c tio n  period, and the experimental subarea had 
significantly higher values.
Because land use is  the only major d iffe rence between the two sub-
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areas, higher leve ls o f ions and bacteria in the groundwater o f the 
experimental subarea (pastureland and chicken farms) ind ica te a g r ic u l­
ture as the source. However, none of these parameters exceed drink ing 
water standards (U. S. Environmental Protection Agency, 1976). Fur­
thermore, co rre la tio n  o f nu trien ts  w ith sodium and ch lo ride  concentra­
tions suggests the source of these parameters is  animal waste, often 
applied as f e r t i l iz e r ,  ra ther than a r t i f i c ia l  fe r t i l iz e r s  which do not 
contain sodium or ch lo ride . Chicken l i t t e r  is  w idely used f e r t i ­
l iz e r  in th is  subarea, and because o f the abundance of chicken l i t t e r ,  
i t  is  considered to be the major source of the "p o llu ta n ts " in the 
experimental subarea. The ions w ith higher concentrations in the 
experimental subarea are those indicated to be enriched in chicken 
l i t t e r  leachate (Hileman, 1972). Correlations between n u tr ie n ts , 
ch loride and sodium, and bacteria leve ls w ith increased calcium and 
to ta l a lk a lin ity  measurements and decreased pH tha t organic matter 
leached in to  the groundwater system from the surface, may be a c id ify ­
ing the experimental subarea w ith carbonic acid, and thus d isso lv ing 
more o f the underlying limestone.
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